CHEMICAL STUDIES INTESTINAL INFANTILISM. 


METABOLISM: KREATININ, KREATIN, 
Uric 


FRANCIS McCRUDDEN. 


(From the Hospital The Rockefeller Institute for Medical Research, 
New York.) 


infantilism was first recognized the late Dr. Chris- 
characterized periods disturbance nutrition with loss 
weight, alternating with periods normal nutrition and gain 
weight, and finally ending state arrest 
which almost impossible bring about increase weight. 
There marked abdominal distension, moderate grade anemia, 
and rapid onset physical and mental fatigue. Various irregu- 
larities digestion occur, accompanied reversion the intes- 
tinal flora the infantile type. 

Dr. Herter had worked out the clinical description the disease 
and begun study the physiological-chemical changes that ac- 
company it, when the work was interrupted his death. Intestinal 
infantilism not rare disease, and have therefore continued the 
studies begun Dr. Herter. 

The object the physiological-chemical studies determine 
whether there are any changes the metabolism, and, so, 
ascertain what they are. The studies were carried out three 
patients: S., ten years old, weight 13.5 kilograms, and height 
centimeters; P., seventeen years old, weight 22.5 kilograms, 
and height 113.3 centimeters; and H., five and half years old, 
weight and height centimeters. three patients 
have histories typical intestinal infantilism. and had 
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been under observation Dr. Herter for long time, and 
had been under the care Dr. Emmett Holt. the time that 
they came the Rockefeller Institute Hospital they had reached 
the stage arrest development, although there were occasional 
periods slight improvement, which shall mention later. 

The present paper reports the study the metabolism uric 
acid, kreatinin, and kreatin, which was undertaken throw light 
the endogenous metabolism the cases. now recognized 
that when meat, fish, and very few other foods are excluded from 
the diet, the uric acid and kreatinin the urine come entirely from 
the metabolism the tissues themselves, and that kreatin, under 
these conditions, does not normally occur the urine; that the 
quantities these substances arising meat-free diet serve 
measure the endogenous metabolism,—the metabolism the 
tissues distinct from the direct metabolism the substances 
the food. 

the cases and P., examinations were made during 
three separate periods. During the second and third periods, the 
patients were much better condition than the first period; and 
the examinations the later periods were made with the object 
finding out what changes such variations the condition the 
patient make the results. The diet all the experiments was 
free from foodstuffs that are known give rise purin bodies, 
kreatinin, and kreatin, and consisted chiefly milk, eggs, bread, 
and rice quantities that satisfied the appetite. The results are 
given table 

The endogenous uric acid should fairly constant for one 
individual, and not variable, these cases. not possible 
explain the irregularities, since not know all the factors 
that determine the amount endogenous uric acid, which varies 
different individuals. does not appear related the 
general metabolism, represented the nitrogen excretion, 
the weight age the individual. 

will noticed that the kreatinin varies the different periods, 
increase body weight. the same time, the daily variations, 
especially P., are somewhat greater than one would expect 
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from the results that have obtained normal persons. There 
are not enough data from normal individuals available for com- 
parison determine whether the absolute amount kreatinin per 
kilo body weight—the kreatinin coefficient—is normal these 
cases. The normal amount for adult between 0.02 and 0.03 
gram per kilo body weight. infants, the kreatinin coeffi- 
cient much and, indeed young children, kreatinin 
sometimes have found the literature data for half- 
grown children. one boy thirteen, about the same weight 


TABLE 

Bod Kreatinin Total of 

kilos. body weight. +kreatin 

Ist period Dec. 21, 1910 3.02 14.0 0.004 0.154 
Dec. 22, 1910 2.75 0.321 0.155 0.023 0.178 

Dec. 23, 2.51 0.285 0.175 0.012 0.187 

Dec. 24, 1910 2.32 0.252 0.169 0.000 0.169 

March 22, 3.56 0.392 0.198 0.014 0.055 0.253 

March 23, 3.97 0.448 0.203 0.059 0.262 

Ist Dec. 20, 1910 7.72 0.122 0.307 21.0 0.047 0.354 
Dec. 21, 1910 5.53 0.130 0.263 0.014 0.277 

Dec. 22, 1910 5.55 0.145 0.248 0.032 0.280 

Dec. 23, I910 5.91 0.184 0.297 0.051 0.348 

March 22, 4.64 0.312 0.015 0.040 0.352 

March 23, 0.150 0.317 0.045 0.362 

March 12, 5.27 0.087 0.169 0.087 0.256 

March 14, 1911 5.87 0.132 0.173 0.285 


Amberg and Morrill, Jour. Biol. Chem., 1907, iii, 311. 

and Verploegh, Ztschr. Chem., 1905, 415. 

method was used for nitrogen determinations, and Folin’s methods 
for the other determinations. 
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P., found the coefficient that the adult, that the 
kreatinin the cases infantilism probably very low. may 
mentioned this connection that starvation Cathcart® found 
slight gradual lowering the kreatinin excretion. 

Kreatin was always present the urine patients, even 
meat-free diet, and the presence kreatin human urine 
considered found different pathological con- 
ditions, especially those associated with disturbance the metab- 
olism the muscular system the liver, conditions 
which the carbohydrate metabolism disturbed. The cause the 
presence kreatin the urine these cases not known, but 
can caused disappear the administration carbohydrates, 
but not These experiments led try the effect 
carbohydrate and fat diet the kreatin excretion patients. 

The amounts kreatin and kreatinin were determined during 
three periods; preliminary period, period during which much 
fat was given, and period when large quantity carbohydrates 
was given. all three periods, the diet was kreatin-free, and was 
made chiefly rice, milk, toast, crackers, and During the 
second period, the carbohydrates were cut down much pos- 
sible, and cream and butter were given large quantities the 
patient could induced take. The amounts varied different 
days; but, the average, the amount given was about seventy 
grams cream and ninety grams butter. During the third 
period, fats were cut down much possible, and rice, bread, 
potatoes, cake, sugar, and starch puddings were given large 
quantities possible. The results are shown table II. 

will observed that, contrast the results obtained the 
experiments the investigators who studied the effect carbo- 
hydrate and fat diet kreatin excretion cases where there was 
disturbance the carbohydrate metabolism, the fat diet, the 

Biochem. Ztschr., 1907, vi, 109. 

(Jour. Biol. Chem., 1911, 265) found kreatin the urine children 
mixed diet, but there the possibility tracing this the kreatin the 
food. Kreatin the food may appear under some circumstances the urine 
normal persons (Folin, Festschrift, Olof Hammarsten, Upsala, 1906). 

man, during inanition, Cathcart, Jour. Physiol., 1900, xxxix, 311; dogs, 


during phlorizin diabetes, Cathcart and Taylor, Jour. Physiol., 1910-11, xli, 276; 
starving rabbits, Mendel and Rose, Jour. Biol. Chem., 1911, 213. 
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cases infantilism, led lower kreatin output than the carbo- 
hydrate diet. The larger figure the first days the preliminary 
period may due washing out kreatin from the food taken 
before the experiment began, but there are not sufficient data regard- 
ing the factors that influence kreatin excretion explain the results. 


TABLE 

Kreat- Krea- Total. Kreat- Krea- |Total 

1Inin, tin. Inin. tin. 
May 22, 0.196 0.137 0.333 0.307 0.093 0.400 
May 23, 0.183 0.137 0.319 0.441 0.109 0.073 
May 24, 0.127 0.225 0.362 0.017 0.379 
May 25, 0.265 0.073 0.338 0.324 0.034 0.358 
May 26, 0.203 0.028 0.230 |Fat-rich diet 0.273 0.029 0.030 
May 27, 0.166 0.059 0.225 0.405 0.026 0.431 
May 28, 0.225 0.143 0.368 Carbo- 0.335 0.054 0.389 
May 29, 0.076 0.290 hydrate- 0.353 0.015 0.038 |0.368 
May 30, 0.205 0.086 0.290 rich diet 0.324 0.044 


There rather low sugar tolerance cases, and this may 
have some bearing the findings relating April 
3:00 M., both boys were given fifty grams glucose. 
The urine collected the next hour showed strong reduction 
the case P., but reduction the case The next day 
was given seventy-five grams glucose and grams, 
and the urine the following hour showed faint reduction 
both cases. showed glucose tolerance, under these circum- 
stances, between fifty seventy-five grams, and one 
between twenty-five and fifty grams. similar experiment test 


levulose tolerance was made, but the patients found difficult 


eat more than twenty-five grams. The urine the following hour 
showed, being boiled with Fehling’s solution, doubtful reduc- 
tion. 

The following explanation for the presence kreatin and ace- 
tone bodies the urine the diabetic condition and starvation, 
has been suggested, and may have some bearing the cases 
infantilism. diabetes and starvation, the body utilizes its own 
protein material form carbohydrates, since direct supplies are 
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cut off, and the excessive metabolism muscular tissue 
panied the production kreatin and acetone bodies. carbo- 
hydrates are administered, muscle protein protected and the ap- 
pearance kreatin and acetone bodies, which accompanies the 
excessive metabolism tissue protein, intestinal 
infantilism, may that fat utilized better advantage than 
carbohydrates, and, therefore, better protects the increased tissue 
catabolism which may responsible for the presence kreatin. 


SUMMARY. 


three cases intestinal infantilism, the kreatinin excre- 
tion was more irregular than normally, and the kreatinin coeffi- 
cient was low. Kreatin was found the urine kreatin-free 
diet. The sum kreatinin and kreatin was also irregular. 

The endogenous uric acid was irregular from day day. 

The kreatin excretion apparently lower high fat diet than 
high carbohydrate diet. 


Grote, and Staehelin, Beitr. chem. Phys. Path., 1907, 199. 
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RELATION ENDOGENOUS ExoGENOUS METABO- 
NITROGEN AND SULPHUR DISTRIBUTION, AND 
CALORIMETER EXPERIMENTS.* 


(From the Hospital The Rockefeller Institute for Medical Research, 
New York.) 


The studies reported this paper were carried out the same 
three patients those described previous paper,’ and 
normal boy for comparison. The normal boy, McC., was eleven 
years old and weighed twenty-seven kilos. 

The presence kreatin, and, one time, acetone, the urine 
the abnormal cases, and acetone the breath P., and the 
very large amounts various elements lost through the feces 
these patients, made seem possible that the lack absorption was 
leading some condition starvation that was responsible for 
the arrest development. 

The first part the paper deals with the experiments relating 
the distribution nitrogen and sulphur the various nitrogen 
and sulphur compounds the urine, which were carried out 
order test the starvation supposition. normal nutrition, over 
per cent. the nitrogen excreted the form urea, and 
about per cent. the total sulphur the form inorganic 
sulphates. The fraction nitrogen and sulphur occurring 
other forms very low. starvation low protein diet, 
the proportions total nitrogen urea, and total sulphur 
sulphates, that indicate the degree exogenous metabolism, are 
low, and the sulphur and nitrogen forms that indicate more 
especially the degree endogenous metabolism are high. study 
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the nitrogen and sulphur distribution individual case shows 
which these two states nutrition probably prevails. 

The determinations were made also for the purpose studying 
the bacterial conditions the intestines, revealed the changes 
the ethereal sulphates. The attack acetonuria referred led 
investigate the ammonia excretion, being indicative the 
degree acidosis. 

The second part the paper deals with the determination the 
respiratory quotient after eighteen hours’ starvation, and gives cer- 
tain data regarding the heat radiation. The under-development 
the individual, the presence kreatin, and, one time, acetone 
the urine, suggested that there might some difficulty elabo- 
rating carbohydrates, and that, consequence, the store gly- 
cogen might low. this were so, low respiratory quotient, 
indicating the oxidation fat, might expected after eighteen 
hours’ starvation. 


NITROGEN AND SULPHUR DISTRIBUTION. 


The diet was mixed one, and the patients were allowed eat 
about what they wanted. Table gives the data. 

will seen that the fractions nitrogen excreted urea, 
and sulphur excreted inorganic sulphates, are per cent. 
and over.* These are normal figures and indicate the usual ratio 
between endogenous and exogenous metabolism. The children 
appeared, therefore, absorbing sufficient quantity protein 
for their metabolism. 


TABLE II. 
Nitrogen 
Average nitrogen Body weight Body grams per 
excretion grams kilos. square meters. square meter 
per day. body surface. 
(infantilism) 5.07 16.4 0.794 6.38 
(infantilism) 5.18 21.3 0.946 5.48 
(infantilism) 5.57 0.645 8.60 
McC. (normal 


S., the percentage inorganic sulphur slightly lower account 
the large quantities ethereal sulphates. 

*Calculated the formula, body surface 12.3 (body Lusk, 
The Elements the Science Nutrition, edition, Philadelphia and London, 
1909, 89. 
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That the metabolism low plane may seen from calcu- 
lation the amount nitrogen metabolized per square meter 
body surface (table 

The excretion nitrogen through the urine cases infantil- 
ism much less than the normal individual, and, except the 
very mild case the boy H., less than the value (6.4 
starvation. This not because insufficient amount protein 
given the diet, for, aside from the fact that the patients were 
given much they could well take, the nitrogen and sulphur 
distribution the urine indicates that, for these individuals, the 
amount was sufficient. connection with this evidence low 
metabolism, the low kreatinin fraction found previous experi- 
ment should 

The absolute amount ammonia excreted low and shows that 
there tendency toward acidosis. The absorption salts 
sufficient neutralize the acid end products metabolism, and the 
carbohydrate metabolism sufficiently active prevent any ab- 
normal oxidation the fats. 

The absolute and the relative quantities ethereal sulphates 
are slightly, but not excessively high. This probably indicates 
slightly increased, but not excessive amount intestinal putrefac- 
tion, although not more than can accounted for the fact, 
observed other experiments, that absorption from the intestines 
poor. 

CALORIMETER 


The apparatus and methods used these experiments are de- 
scribed briefly Howland® and will more completely described 
Williams.® Our results are given table III. The first column 
gives the outgo carbon dioxid, the second column shows the in- 
take oxygen, and the last column gives the respiratory coefficient. 


E., Ztschr. Biol., 1901, xli, 167. 

loc. cit. 

Graham Lusk, Cornell University Medical School, kindly put his 
calorimeter apparatus our disposal for these experiments, and Dr. 
Williams and Riche, the Department Physiology, conducted the 
experiments. 

Howland, J., Ztschr. physiol. Chem., 1911, 

Williams, B., cited Howland, loc. cit. 
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The patient had received food since 5:00 the preceding 
day. 


TABLE 
Respiratory 
Carbon dioxid. Oxygen. 
A.M. P.M. 10.00 9.52 0.76 
P.M. P.M. 9.90 0.82 
Average 0.79 


The respiratory quotient indicates oxidation mixture fat 
and carbohydrates, and shows that the glycogen store has not been 
used during eighteen hours’ starvation. 

Table gives examples the heat radiation, which about 


normal. 


Calories per square 


Heat calculated. meter surface. 


| 
Heat found. 


P.M. 2.34 P.M. 36.68 929 (awake) 
2.34 P.M. 3.34 P.M. 32.81 840 (asleep) 
DISCUSSION. 


Our conclusions, then, are follows: (1) that the metabolism, 
whole, low plane, indicated the fact that the 
nitrogen excretion per square meter body surface about the 
starvation value; (2) that the endogenous metabolism low, 
shown low kreatinin coefficient (3) that the distribution 
nitrogen and sulphur among the different compounds the urine 
the ratio found normal persons only when the metabolism 
high plane. 

From the data that have obtained, feel justified sug- 
gesting certain possibilities, the value which can only proved 
further investigation. may suggested that possibly some 
fundamental defect exists that prevents the body from engaging 
more active metabolism. there may long continued 
state under-nutrition due poor which, first, 
leads only low exogenous metabolism, but time followed 


McCrudden, cit. 
studies have shown that absorption very poor. 
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readjustment whereby the endogenous metabolism gradually 
falls lower plane, and finally exogenous and endogenous 
metabolism come the normal balance such way that nitro- 
gen and sulphur distribution again become normal. Only one 
instance previous study the nitrogen and sulphur distribu- 
tion after very long period low nitrogen diet has come 
our that experiment, true, the body did not 
adjust itself the way have suggested, but may remarked 
that the conditions may have been different. However, that the 
endogenous metabolism may show gradual decrease starvation 
indicated the gradual lowering the kreatinin 
final possibility that one more the amino acid complexes 
the food protein are changed bacterial action the intes- 
tines that they cannot utilized the body. 


SUMMARY. 


three cases intestinal infantilism, the excretion nitrogen 
the urine per square meter body surface was low. 

The heat radiation was normal. 

spite the fact that the absolute quantity nitrogen was 
low, the distribution nitrogen and sulphur among the various 
nitrogen and sulphur constituents the urine was the normal 
ratio. 

The ammonia excretion was normal. 

The ethereal sulphates were slightly increased. 

The respiratory coefficient showed that the supply glycogen 
had not been used after eighteen hours’ starvation. 


Folin, Am. Jour. Physiol., 1905, xiii, 66. 
Cathcart, Biochem. 1907, vi, 109. 
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THE BEHAVIOR CHICKEN SARCOMA IMPLANTED 
THE DEVELOPING EMBRYO.* 


JAMES MURPHY, M.D., PEYTON ROUS, M.D. 


(From the Laboratories The Rockefeller Institute for Medical Research, 
New York.) 


PLATES 


Current theories tumor origin have done stimulate 
the experimental comparison neoplastic with embryonic tissue. 
The discussions upon rests,” “cell avidity,” and the mutual 
relationships tissues determining the incidence tumors 
(Thiersch), have led vast amount work this field. But 
the methods used have, necessity, been indirect. the present 
paper wish offer some observations the direct transmission 
tumors the developing 

The common transmissible tumors have occurred mammals, 
and most difficult inoculate the growth into the mammalian 
embryo utero without interrupting the course pregnancy. 
Nevertheless can done, one (Rous) has found. Witha 
fine, hollow needle, injections tumor pulp were made through the 
uterine wall into rat embryos; and some these went term. 
one instance, the tumor graft was found animal killed just 
after birth, but the few days previous the end pregnancy, 
had only established itself and had not grown. Embryos inocu- 
lated early gestation did not survive. 

The problem much simpler when use made developing 
hen’s eggs and the avian sarcoma propagated this 
Under suitable precautions, the injection into the chick its mem- 
branes need more than transiently retard development. 
have employed the method developed for studies 

Received for publication, December 12, 

Peyton Rous and James Murphy, Jour. Am. Med. Assn., 1911, 741. 

Peyton Rous, Jour. Exper. Med., 1910, xii, xiii, 

Peebles, Arch. Organ., vii, 405. 
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experimental embryology. small rectangular piece cut from 
the shell with sharp instrument, care being taken not break the 
underlying membranes; with fine, sterile forceps, the shell mem- 
brane torn and pulled back, exposing the chick and its mem- 
branes, and through hollow needle the tumor material placed 
the desired location. The bit shell then put back and sealed 
into position with paraffin, with narrow strips moist shell 
membrane from fresh egg. For the purpose inoculation, the 
through sieve; and very minute portion injected into each 
egg. regulate the amount actually implanted the tissue 
very difficult, that which intended place extra- 
embryonic membrane largely escapes either side, and that im- 
planted the embryo itself often follows the needle the surface. 
The eggs pure blooded, barred, Plymouth Rock chickens have 
been mainly used, both for purposes comparison, and because 
adult fowls this variety are especially susceptible hosts for the 
sarcoma. 

The results include observations upon 147 hen’s eggs, duck, 
and pigeon eggs, which continued develop after inoculation. 


GENERAL DESCRIPTION THE FINDINGS. 


108 the 147 hen’s eggs, the inoculation gave rise one 
more tumors. The findings varied with the stage which the 
embryo was inoculated, and were further complicated its de- 
velopment. For preliminary general description use will made 
the growths eggs inoculated the seventh eighth day 
incubation, and opened week ten days later. The best success 
was obtained under these conditions. 

Tumors the Outer Allantoid majority the 
growths occurred the outer allantoid membrane (fused chorion 
and allantois), and for evident reasons. This membrane was neces- 
sarily pierced reaching other structures, and its inoculation could 
hardly avoided withdrawing the needle. Often the material 
expelled elsewhere from the needle clung, and was dislodged only 
the inner surface the allantoid membrane. 

When the egg successfully inoculated opened the fifteenth 
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sixteenth day incubation, disc-shaped, gray opacity 
the point where the allantoid membrane was wounded 
needle. sharply defined, but not raised, and suggests scar 
tissue only. Its center may perforated where healing has 
incomplete. When the membrane cut and turned back, remark- 
able picture presents itself. From the inner surface, discrete 
growth projects, glistening, smooth, and grayish pink, firm, 
more less globular shape, and sessile the membrane 
ures and 7). Should the membrane have failed heal to- 
gether, the growth takes the form sharply raised ring about 
hiatus. Numerous dilated vessels course and over the tumor. 
The contrast between the filmy membrane and the bulky mass which 
supports very striking. 

The main growth always situated the point injured the- 
but one several, small but similar nodules are sometimes 
present near by, along the vessels. They also are discrete and 
ject sharply. early four days after the inoculation, the 
planted tissue may vascularized and established; while after ten 
days mass centimeters diameter may have developed. 
consistence, softer than nodule the same size the adult 
fowl. Necrosis uncommon; hemorrhage into the tumor sub- 
stance, less (figure 2). 

Tumors the Other Membranes.—When the seventh day 
incubation, the injection needle thrust toward the egg’s center, 
may either penetrate the fused inner allantoid and amniotic 
membranes, with the amniotic sac and embryo, pass through 
the inner allantoid membrane into the extra-embryonic body cavity 
and yolk-sac (figure 3). When the inoculation has taken place ac- 
cording the first possibility, small tumor usually found the 
point where the needle has pierced the fused amnion and allantoid 
membrane. general appearance, the growth resembles those- 
already described, but usually much smaller, lies the plane 
the membrane and projects sharply either surface. Its vascular- 
ization less profuse than the outer allantoid membrane, which 
probably part explains its small size. 

When the inoculation has occurred according the second possi- 
bility, namely, through the inner allantoid membrane into the extra-- 
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embryonic body cavity and yolk-sac, most interesting variation 
encountered. The tumors heretofore discussed have been local- 
ized the point wounded the injection needle; but when the 
material has been introduced into the extra-embryonic body cavity, 
many scattered growths appear the surface the inner allan- 
toid membrane, the amnion, and the yolk-sac, which together en- 
close it. Their lining surfaces, distinction from those the 
membranes heretofore dealt with, consist mesoderm (figure 3). 
The growths that form upon this mesodermal layer are discrete, 
pearly, globular disc-shaped, and various sizes, though usually 
small; and they lie, not within the substance the membrane, but 
upon its surface which their attachment may slight (figure 4). 
the yolk-sac, there frequently occurs the point punctured 
the needle, large tumor, discrete the other membranes, gray- 
ish pink, and translucent. raised only slightly the outer 
surface the sac, but may develop considerably towards its in- 
terior, forming conical mass projecting inwards. 

Tumors the Embryo.—Thus far attempt has been made 
implant the sarcoma special regions the embryo. The latter 
swings about under pressure with the needle, rendering this diffi- 
cult. indiscriminate implantation, growths have been obtained 
the chest wall, heart, liver, peritoneal surface the gizzard, 
soft tissue the thigh and that various other parts (figures 
All appeared the track the needle. The sarcomatous 
nodules were similar consistency those the membrane, often 
absolutely discrete, and always singularly non-invasive, when com- 
pared with those the adult. Some reached considerable size, 
relative the bulk the embryo. several cases, have 
thought that death the embryo was accounted for the 
presence large tumors the membranes. Maceration quickly 
ruins the material for histological purposes. 


HISTOLOGICAL FINDINGS. 


Histologically, the tumors differ little from those the adult 
fowl. general structure, they are quite unlike the scar tissue 
produced the embryonic tissues trauma, the proliferative 
reaction that follows the injection infusorial earth, although 
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the sarcoma cells have resemblance certain individual elements 
present both these cases. With infusorial earth, possible 
obtain pseudo-tumors the outer allantoid membrane, consisting 
many folds the latter with edematous, cellular mesoderm, 
covered somewhat thickened ecto- and endoderm. All grada- 
tions are seen, here and scar tissue, between the ordinary, stellate, 
mesodermal cells and spindle-shaped elements irregularly grouped. 
There are, addition, polymorphonuclear and large mononuclear 
cells attesting the inflammatory nature the growth. tumor, 
the other hand, the cells are all one type—spindle cells 
bundles—while the general aspect the neoplasm entirely homo- 
geneous. Within there absolutely focal arrangement, and 
about cellular reaction (figure 8). 

the embryo, the structure the sarcoma much looser than 
the adult, and the spindles may attenuated suggest 
that the growth myoma (figure 9), possibility ruled out the 
use special stains. Intercellular fibrils are demonstrable, but are 
few number. The many blood-vessels are thin walled, often 
consisting only layer endoderm, and, apart from them, the 
growth possesses practically supporting tissues. Well defined 
lymph-channels are not seen. The rarity necrosis doubtless 
due the loose structure and the excellent vascularization, both 
which, the other hand, favor hemorrhage (figure 2). 
general, the sarcomatous cells are larger than the normal connec- 
tive-tissue elements, and their cytoplasm stains more deeply with 
methylene blue. The nucleus large, oval elongated, vesicular, 
with fine net-work chromatin and well defined, deeply stain- 
ing nucleolus. Proliferation takes place mostly amitosis. 
many per cent. the cells, count, have been found 
process division one time (table I). 

The growth tumors situated the membranes almost wholly 
expansive character. Invasion the neighboring structures 
seldom well marked. The soft, normal tissues are pressed one 
side, and the mass retains microscopically the well defined border 
seen the gross. too the embryo, except when the growth 
lies structures (heart and liver) which may supposed 
adjust themselves less easily it, and which are consequence 
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infiltrated, well thrust one side. The important influence 
mechanical factors the relations the growth well illus- 
trated the findings the outer allantoid membrane. Taking 
the course least resistance, the neoplasm enlarges the direction 
the allantoid cavity and finally comes lie almost wholly with- 
out the membrane that supports it, although still covered endo- 
derm and considered having place the mesoderm. 


RELATION THE SARCOMA THE MESODERM. 


has been shown that adult fowls the cells the chicken 
sarcoma survive transplantation, and, proliferating, give rise the 
new nodule. The process has not been followed systematically 
the embryo, although very evident there, being perhaps best seen 
the survival sarcomatous fragments which have lodged the 
exposed mesoderm lining the extra-embryonic body cavity (figure 
10). These surface implantations time become vascularized and 
eventually develop into neoplastic masses considerable size. 

the adult fowl, not always necessary for the development 
tumor fragments that they brought directly contact with 
connective tissue. Bits injected into the peritoneal cavity may 
establish themselves despite its endothelial lining, proliferating 
sometimes way that suggests cell cultures fluid medium, 
and length obtaining from the underlying tissues vasculariza- 
tion. Not the extra-embryonic membranes the chick, 
according our experience. Here layer ectoderm endo- 
derm but one cell thick constitutes absolute protection against 
surface implantations. Only where mesodermal layer exposed, 
the inner side the inner allantoid membrane, such im- 
plantations occur. This dependence the tumor cells direct 
association with mesodermal tissue, they are become established 
the embryo, responsible for the difference localization the 
tumors the different membranes—for the occurrence one 
single nodule the puncture point, and another many surface 
growths. Recognizing this dependence and knowing the state 
development the egg, and the structures pierced the injection 
needle, can predict with some accuracy, despite the changing 
conditions, the localization growths the membranes. 
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GROWTH SARCOMA CELLS THE YOLK. 


The presence free “rice-body,” consisting tumor cells, 
the extra-embryonic body cavity inoculated chick, has led 
some experiments after the method the vitro 
growth sarcoma cells the fluids the egg. The 
question was rounded, gray, translucent, firm, five millimeters 
diameter, was unprovided with blood-vessels with epithelial 
endothelial covering, and was made entirely neoplastic cells 
highly attenuated form (figure 11). judge from the uni- 
form failure our attempts grow sarcoma cells vitro 
the fluid the extra-embryonic body cavity, the must 
one time have been attached the membrane and have derived 
its nourishment therefrom. cells will not grow egg albu- 
men taken various periods the chick’s development. the 
yolk, the other hand, they sometimes proliferate vitro, fact 
not very significant, considering the relatively simple fluids which 


the proliferation normal cells can take 


EFFECT THE EMBRYO’S PERIOD DEVELOPMENT. 


Most the embryos inoculated very early stages succumbed 
the trauma, and those which survived, few showed the growth. 
This perhaps traceable change the method inoculation, 
made necessary the conditions. Injections into the blastoderm 
could hardly practised; so, instead, minute bit tumor was 
placed the tip fine needle and this was thrust into the desired 
location. Twenty-three eggs all, which had been incubated for 
twenty-four forty-eight hours, continued develop after 
inoculation this sort into the outer zone the blastoderm. 
five, the tumor developed discrete, pearly nodule imbedded 
the membrane, usually minute and always very small compared 
with growths obtained after the same time the membranes 
older chicks. was always found close the margin the area 
vasculosa, fact that indicates that the proliferation the blasto- 
derm form the membrane took place much greater degree 


*M. Burrows, Jour. Am. Med. Assn., 2057. 
Lewis and Lewis, Bull. Johns Hopkins Hosp., 1911, xxii, 126. 


126 Behavior Chicken Sarcoma. 


the inner zone than the tissue marginal the inoculated spot. 
With embryos inoculated somewhat later periods, similar results 
were obtained. 

When incubation was far advanced the time inoculation, 
and the chick was allowed hatch, the tumors that had developed 
the outer membranes were cast off with them. Growths the yolk 
sac were drawn with into the body and continued develop. 
one instance, chick lived for three weeks after hatching. 
autopsy, multiple sarcomatous nodules were discovered the lungs 
and liver. They were best developed the latter organ, and were 
presumably secondary tumor the yolk-sac, now absorbed. 


METASTASES. 


Regional metastases the outer allantoid membrane are fairly 
common. They take the form small nodules near the primary 
growth, along the large vessels supplying the latter, and are pre- 
sumably distributed the lymphatics. Remote metastases from 
growths the membranes have not been found, fact which can 
scarcely explained the short period observation, since this 
period suffices for the development regional metastases. 
much better accounted for the structure the membranes. The 
lack invasive extension them has already been commented 
upon. Growth into the blood-vessels membrane rare 
occurrence, and even when present need not involve, region 
protected against trauma, the casting off cells into the blood- 
current. 

the embryo itself there has been case which the situation 
the tumors could not explained direct inoculation with the 
injection needle; but our data are hardly sufficient permit any 
conclusion regards the frequency secondary growths. the 
chick that has hatched, distribution the sarcoma may take 
place the blood-stream, the case adult fowls. 


TRANSPLANTATION FROM EMBRYO EMBRYO. 


The transplantation the sarcoma from embryo embryo 
not difficult, but practice limited the small amount ma- 
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terial available for the inoculation and the high incidental mortality. 
using the outer allantoid membrane the injection site, and 
employing the growths found there after seven days, have suc- 
cessfully transplanted the sarcoma three successive sets eggs, 
only lose the fourth death all the embryos. The same 
cause terminated more quickly two other series. During the con- 
tinued propagation, change was noted the tumor’s behavior. 


Inoculation from the embryo into the adult yields the characteristic 
sarcoma. 


TUMORS PRODUCED BERKEFELD 


The chicken sarcoma has been repeatedly engendered adults 
means the Berkefeld filtrate extract the fresh tumor 
Ringer’s and so, too, the embryo. One now 
engaged study the histological processes involved. the 
egg, the growths are first evident three four days after the injec- 
tion, minute, whitish dots, having the same location the various 
structures those produced the living cells. For example, 
the outer allantoid membrane and others with protected meso- 
derm, single growth appears the point punctured the injec- 
tion needle; but the exposed mesodermal lining the extra- 
embryonic body cavity, widely scattered growths develop. But even 
the exposed mesoderm, the neoplastic change punctate and the 
nodules reinain discrete, from which may perhaps inferred that 
the agent giving rise them not solution but formed body. 

The sarcoma has also been produced the embryo injecting 
suspension the dried and powdered neoplastic tissue. The re- 
sults not differ essentially from those obtained with filtrate. 


TUMORS THE PIGEON AND DUCK EMBRYOS. 


The sarcoma will not grow pigeons ducks, while chickens 
another variety than that which originally occurred, grows 
relatively slowly and subject retrogression. But the embryos 
these alien fowls, the results are quite different. four nine 
pigeon eggs inoculated and developing, and six sixteen duck 
eggs, tumors were obtained. The inoculations were made into the 


Rous, loc. cit. 
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membranes alone, and the growths developing there (figure 12) re- 
sembled those arising similar situations Plymouth Rock em- 
bryos. When portions were transplanted adult pigeons and ducks, 
respectively, tumor resulted. the eggs alien variety 
chicken (Brahma), the growths were also similar those Ply- 
mouth Rocks. 

These observations may thought lose importance because 
the short period (seven ten days) during which the develop- 
ment the tumor was noted, since alien, adult fowls brisk, 
temporary growth the implanted tissue often seen. But 
alien adults, even short time, immense accumulation 
lymphocytes takes place about the graft which itself shows well 
marked degenerative changes. the embryo, neither phenomenon 
present. The growing tissue appears “healthy,” and about 
small round cells not collect, despite the fact that many such 
cells are present the circulating blood. 


RESISTANCE THE EMBRYO. 


The question arises whether some individual chick embryos, 
like some adult hosts, possess natural resistance the tumor. 
Among 147 chick embryos that continued develop after inocula- 


tion, failed show any tumor; and first supposed this 


finding indicate natural resistance, and referred such 
our preliminary But extensive search has failed dis- 
close, any instance, those histological signs about and within the 
growing tumor which, the adult, are associated with resistance 
the host. Because this total lack evidence partial resis- 
tance, now believe that the non-appearance the sarcoma 
inoculated chick embryos due entirely chance causes. 
analysis the cases supports this idea. seventeen the thirty- 
nine, the inoculation was done very early period, according 
the uncertain method already described; while nine others, 
Berkefeld filtrate alone was inoculated; and five, dried material; 
leaving but eight that gave negative results after implantation with 
fresh tumor material, compared with 108 positive results from 
inoculations all sorts. Once the tumor has established itself, 
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effectual resistance opposed its growth the chicken embryo, 
even the pigeon duck embryo. 


RELATIVE RAPIDITY GROWTH THE EMBRYO. 


first showed that young animals are more susceptible 
than adults hosts for transmissible tumors; and Buschke® has 
since reported that this susceptibility extends even the newly 
born. One has made independently many comparative obser- 
vations adult mice and mice one two days old, which confirm 
Buschke’s statement. 

number complicating circumstances enter into the compari- 
son results embryo and adult hosts, can well illustrated 
from the present work. The growth that follows inoculation 
minute bit sarcomatous tissue into twenty-four forty-eight 
hour chick embryo found, seven days afterwards, very 
small. But too, for that matter, the host nourishing it. The 
graft implanted membrane older chick grows vigorously. 
But here there notable absence the mechanical restraints met 
with adult hosts. Very much more tumor tissue, relatively speak- 
ing, injected into embryo hosts than into adults, while, the 
other hand, the actual amount considerably less. These factors 
and many others complicate the comparison. 

The findings embryos injected the tenth day are perhaps 
best compared with those adults. Here, whether the mem- 
branes the embryo’s body, the growth the tumor excel- 
lent. The actual size the masses formed not behind that 
observed within the same period adults, fact that gains signifi- 
cance when the small size the host and the small amount im- 
planted tissue are recalled. Several counts have shown that the 
tumors the embryo more cells, the average, are process 
division one time than those adults (table while, 
already stated, there about the tumor total absence those 
histological signs resistance frequent even susceptible adults. 
Altogether, chicks inoculated the tenth day incubation seem 
more favorable the tumor growth than adult fowls. 


Reports the Imperial Cancer Research Fund, 1908, No. 265. 
Buschke, Berl. klin. 1911, 215. 
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Relative Number Dividing Tumor Cells Adult and Embryo Hosts. 


Adult. Embryo. 
Total Total 
Mitotic, number number Mitotic. Amitotic 
percent.| dividing, dividing, per cent. per cent. 
per cent. per cent. 
(from 
(from dried 
material 
(ovary 
(liver) 
(lung) (pigeon). 


Counts one hundred cells all stages division. 


see reason why this conclusion cannot extended 
embryos earlier periods development. The 
results these must certainly laid large part the method 
inoculation, and the relative unfitness the host nourish the 
implanted tissue, owing its small size and simple structure. 


SUMMARY. 


The direct inoculation sarcoma the fowl into the develop- 
ing chick embryo its membranes has yielded growths many 
cases. The best results have been obtained with grafts the living 
tumor tissue, but, the adult, growths can engendered 
with dried tissue with the Berkefeld filtrate tumor extract. 
When living tumor tissue used, actual transplantation occurs. 

The neoplasms developing are spindle-celled sarcomata, remark- 
ably uniform structure, and similar those the adult fowl, 
except that the embryo the neoplastic cells are often extremely 
long and slender, and the structure the growth very loose. The 
membranes adapt themselves remarkable way the support 
the tumors. them, the growth seldom invasive; and while 
regional metastases are occasionally seen, none occur the blood- 
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stream, despite the predilection the growth for this path dis- 
tribution adult hosts. the more resistant structures the 
embryo itself, invasive extension the sarcoma occurs. 
Growths originally the yolk-sac outside the chick may carried 
into the latter during the course development. Secondary 
growths the viscera may cause the death the host some weeks 
after hatching. 

order produce tumors the embryo, the sarcoma cells 
the agent engendering the growth must brought into direct 
association with the mesodermal tissues. This necessity respon- 
sible for interesting differences the location the growths the 
various membranes. 

The sarcoma will grow the membranes pigeon duck 
embryos, whereas adults these species will not so; and 
chicken embryos different varieties, grows uniformly well, 
finding not obtained adults. embryo hosts all the sorts men- 
tioned, there total absence the cellular reaction which 
adults indicates resistance the tumor’s development. Relatively 
speaking, the embryo seems much more favorable than the adult 
host for the sarcoma. 


EXPLANATION PLATES. 


PLATE 17. 


Fic. tumor the outer allantoid membrane eighteen day chick. 
The growth situated the point where tumor tissue was implanted seven 
days before. sessile the inner surface the membrane. Note the large 
blood-vessels supplying it. The longest diameter the mass measures 1.5 cm. 

Fic. tumor, smaller, but otherwise similar figure 
spindle-celled aggregate, attached the membrane narrow base. 
covered single layer endodermal cells, and supplied vessels with thin 
walls. Extensive hemorrhage has occurred into the right half the growth. 


18. 


Fic. adapted from “The Development the Chick” 
Lillie (Chicago, 1908). The chick and its membranes the twelfth day 
incubation are represented cross-section. The mesodermal layer given 
red, and dotted lines show the direction taken the injection needle. The 
distribution the tumors the various membranes given cross-hatched red. 

All. and Am.= fused allantois and amnion; Am. C.=amniotic cavity; 
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Mes.=mesoderm; Ent.=entoderm; All. allantoid membrane; 
All. C.= allantoid cavity; 

Fic. Multiple nodules the extra-embryonic body cavity, seen through 
its wall. The embryo was its nineteenth day incubation, and the inocula- 
tion had taken place the eighth day. 


PLATE 


Fic. Sarcoma the soft tissues the leg embryo the eighteenth 
day incubation, and the eighth day after implantation. 

Fic. Sarcomatous masses the surface the right auricle, and the 
right side the thorax, respectively. Both are the track the injection 
needle. Chick the eighteenth day incubation, and the seventh day after 
inoculation. 


PLATE 20. 


Fic. Beginning growth the outer allantoid membrane, four days after 
inoculation. The glistening, gray nodule projects sharply the membrane’s 
inner surface. The photograph marred reflections, seen pale streaks 
the membrane and irregular, white area one side the tumor itself. 

Fic. sarcomatous mass the outer allantoid membrane. The 
tumor made spindle cells loose network. About there 
cellular reaction. From egg the eighteenth day incubation and the 
eighth day after inoculation. 


PLATE 


Fic. Cross-section sarcomatous nodule the outer allantoid mem- 
brane. The cells are very attenuated spindle form. Many are process 
amitotic division. 


Fic. Implantation nodule the mesoderm lining the extra-embryonic 
body cavity. 


PLATE 22. 


Fic. Marginal portion found the extra-embryonic 
body cavity embryo the eighteenth day incubation and the seventh 
day after inoculation. The mass consists entirely tumor cells very attenu- 
ated form, without blood-vessels endo- ectodermal covering. 

Fic. 12. portion sarcoma the outer allantoid membrane duck 
embryo the seventeenth day incubation, and the seventh day after inocula- 
tion. The growth similar those the chick. 
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EXPERIMENTAL PNEUMONIA INTRABRONCHIAL 
INSUFFLATION.* 


(From the Laboratories The Rockefeller Institute for Medical Research, 
New York.) 


INTRODUCTION. 


The most reliable evidence etiological relationship between 
given and definite disease the experimental pro- 
quarter century since the organism which now generally 
termed pneumococcus was brought into etiological connection with 
lobar pneumonia, and now generally accepted that this disease 
is, most cases, caused infection the lungs with the pneu- 
mococcus. Nevertheless, this assumption rests essentially the 
statistical evidence that most cases lobar pneumonia the pneu- 
mococcus recoverable from the lungs the patients; while the 
more convincing evidence based upon the experimental production 
pneumonia inoculations with pure cultures is, spite numer- 
ous experiments, still lacking. are judge from text-book 
and other statements, this fact not generally appreciated. 
shall therefore try bring out brief analysis the data con- 
tained the 


can omit the numerous experiments made various ways with pure and 
impure cultures the pneumococcus, the purpose which was ascertain the 
pathogenieity, and which led most instances septicemia, and only incidentally 
and exceptionally set the same time pneumonia. shall restrict our 
reference those experiments that had their exclusive object the produc- 
tion pneumonia. Three methods introduction the pure cultures the 
pneumococcus into the lungs were employed for this purpose: direct injection 


Received for publication, December 16, 

recent paper Wadsworth, entitled Experimental Studies the Eti- 
ology Acute (Am. Jour. Med. Sc., 1904, cxxvii, 851), contains 
review the literature and bibliography references. 
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the culture into the lung tissue through the thoracic wall, intratracheal injec- 
tion, and inhalation the culture. The failure the last named method 
generally admitted, although several investigators believed that occasional 
positive result was obtained. different with the other two methods. 
reported that injection pneumococcus cultures through the chest 
wall directly into the lungs dogs and sheep obtained constantly pneumonic 
lesions, and stated that intratracheal injections cultures into 
dogs succeeded seven out nineteen experiments, while claimed 
have obtained constantly positive results intratracheal injections rabbits. 
These are the statements that are chiefly before the minds those writers who 
consider that the experimental proof the causation pneumonia the 
pneumococcus has been rendered. matter fact, the several claims men- 
tioned were put forward the early years after the etiological connection 
the pneumococcus with pneumonia had been expounded but they 
were not substantiated any subsequent experimenters. Kruse and 
who dismiss the experiments Monti insufficiently described and un- 
trustworthy, failed confirm the experiments Gamaléia. Referring the 
experiments Gamaléia, says: They are not described with sufficient 
detail permit critical judgment, nor have they been satisfactorily confirmed 
other investigators. Many inoculations cultures virulent pneumococci 
into the trachea and lungs dogs have been made laboratory Dr. 
Canfield and myself, but instance were able produce inflammation 
the lungs which were willing identify with acute lobar pneumonia 
found human beings. the majority our experiments there was 
appreciable effect.” Welch states further: The domestic animals are not sub- 
ject form pneumonia etiologically and anatomically identical with 
croupous pneumonia man. Bacteriologists are not always pathologists and 
the bare statement that the pneumonia produced experimentally all respects 
identical with acute lobar pneumonia human beings should received with 
caution.” With the exception that Wadsworth, the intervening nineteen 
years investigation embodying larger measure success the production 
pneumonia animals has appeared. This failure was, however, not utilized 
proof against the claim that the pneumococcus the cause lobar pneumonia 
man. Indeed, the failure produce successfully the disease animals was 
explained either the assumption that the experimental animals employed are 
not susceptible exactly this form disease; that besides the presence 
the pneumococcus the lungs there must coéxist other factors the host that 
are indispensable for the development the typical form lobar pneumonia. 
The latter hypothetical notion was tested several series experiments which 
need not here dwelt upon. suffices state that well defined condition 
has thus far been discovered with the aid which possible, using any 


Ann. Pasteur, 1888, ii, 440. 

Ann. Pasteur, 1890, iii, 285. 

“Monti, after Kruse and Pansini (see reference 5). 

and Pansini, Ztschr. Hyg. Infectionskrankh., 1892, xi, 337. 
Johns Hopkins Hosp., iii, 125. 


method inoculation, produce animals, with fair constancy, definite lobar 
pneumonia. The assumption that experimental animals are not subject lobar 
pneumonia based upon the idea that some animals are highly susceptible 
the infective action the pneumococcus that inoculation the lungs 
leads fatal septicemia without causing any local reaction the lungs; while 
others are equally refractory infection, perhaps reason the capability 
the tissues their lungs destroy the invading organisms without the aid 
any inflammatory reaction whatever. This conception was the starting point 
that enabled Wadsworth’ develop method which succeeded produc- 
ing pneumonia successively eleven rabbits. Rabbits are highly susceptible 
the action the pneumococcus, and the inoculation into the lungs virulent 
cultures leads fatal septicemia without causing pneumonia. Wadsworth re- 
duced experimentally this susceptibility previously immunizing, some degree, 
the rabbits, after which injected pure cultures pneumococcus moderate 
virulence intratracheally. The positive outcome the experiment would appear 
depend upon exact adjustment between the virulence the 
and the susceptibility the animal—a condition difficult control. Although 
Wadsworth’s experiments were reported about eight years ago, they appear not 
have been repeated and confirmed. 


preliminary reported upon our efforts produce 
pneumonia dogs injecting cultures the pneumococcus 
through the trachea into the bronchi, and pointed out that there may 
produced regularly this manner extensive, evenly dis- 
tributed, fibrinous pneumonia affecting the whole, almost the 
whole, one lobe even two more lobes the lungs. The 
experiments were continued, and the present paper contains more 
detailed report the results achieved, well consideration 
their significance. 

EXPERIMENTAL DATA. 


the experiments were made upon dogs. The 
method consists injecting pure cultures the pneumococcus 
other organisms into the lungs through catheter small stomach 
tube which introduced through the mouth, larynx, and trachea 
into bronchus the insufflation procedure Meltzer and 


The procedure follows: deeply etherized dog the mouth kept 
wide open means large wooden gag, the tongue pulled out means 
hemostatic forceps, and then the median glosso-epiglottic frenum grasped 
with curved forceps and gently pulled forward. The now clearly visible pos- 


Wadsworth, loc. cit. 


Lamar and Meltzer, Proc. Soc. Exper. Biol. and Med., 1909-10, vii, 102. 
Meltzer, Med. Rec., 1910, 477; Jour. Am. Med. Assn., 1911, 


terior aspect the epiglottis presents inclined plane into the concavity 
which one end the tube placed. Under the protection the left index 
finger the tube now directed into the larynx and pushed down slowly and 
gently through the trachea until resistance met with. The inner end the 
tube now bronchus, and usually the right bronchus. The smailer the 
diameter the tube, the deeper enters into the bronchi. The opening the 
tube should the end and not the side where usually catheters. 
pipette containing the liquid culture now attached the external end 
the tube, and means syringe attached the pipette the culture injected 
into the bronchus. The syringe now taken off, the piston withdrawn, and the 
syringe again attached the pipette. the injection air the culture now 
driven still deeper into the bronchi. The tube clamped and withdrawn, and 
the animal released from the table. 


The pneumococcus employed the experiments was obtained 
from the sputum patient suffering from lobar pneumonia, and 
had the characteristics what commonly termed typical 
pneumococcus,—occurrence pointed pairs, possession capsules, 
solubility bile, and ability ferment inulin. Its virulence had 
been exalted high degree and was maintained constant 
level, far one may know from the methods use, regular 
mice, for which 0.000,001 cubic centimeter was 
fatal. Plain broth made from beef adjusted reaction 
per cent. per cent. (phenolphthalein) and sterilized frac- 
tionally live steam was used the culture medium. such 
broth the pneumococcus grows profusely, preserves its virulence, 
and suffers minimum involution and the autolysis which 
prone. 

The quantity culture injected varied according the particular 
purpose the individual experiment from 0.5 cubic centimeter 
cubic centimeters. Most often was from cubic 
centimeters. 

some the animals died result the pneu- 
mococcus infection, most were killed for anatomical and bacterio- 
logical examination the lungs varying intervals time, from 
one day several weeks, after the injection was made. 

Apparently accordance with the quantity culture injected 
the disease has been mild, moderate severity and followed 
recovery, very severe and terminated death. Correspondingly 
the one there has been consolidation nearly all one lobe 
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the lung with concomitant dry pleurisy, while the other, there 
was usually consolidation more than one lobe, accompanied 
empyema, pericarditis, and septicemia. For the sake convenience 
and clearness composite type descriptions drawn from the many 
individual examples each variety will given. 

Non-Fatal most instances the disease produced was 
the milder type. Within few hours the injection the smaller 
moderate quantity culture, the animal eats little nothing, 
becomes quiet, and its temperature rises two three degrees 
Centigrade. This condition continues for the remainder the day. 
the next day, there still slight fever, food still refused, but 
the animal appears better. the third day, the clinical symp- 
toms have already subsided lysis, after which there are further 
objective signs illness. Yet, will shown later, the animal 
killed this time, the inflammatory exudate found little 
diminished, although resolution has begun. Cough was noticed 
few instances only, and merely for short time after the injection. 

This has been the usual course. few instances, however, 
slight fever persisted, returned after the temperature had been 
normal for one day longer. these cases the anatomical and 
bacteriological examination revealed complication due secon- 
dary invasion the distemper bacillus. 

examining the lungs the animals that died and those 
that were killed daily intervals from one twelve days after 
the injection, has been possible follow the character the 
consolidation, the changes which take place the exudate, and the 
fate the pneumococci. 

most the experiments the consolidation was confined 
the right lung and usually occurred the posterior lobe, occasion- 
ally the internal subcardiac lobes. The anatomical relation 
the right bronchus the trachea explains this selection. Some- 
times consolidation existed the left lung but almost always 
association with consolidation the right lung. 

The course the inflammation the lung rapid, and con- 
solidation occurs quickly. Thus seven hours after the injection, 
which the earliest observation secured, nearly complete consoli- 
dation affecting the greater part one lobe was already present. 
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the end twenty-four hours nearly the whole the right 
posterior lobe solid and airless except for small area the 
anterior superior angle. Here are found usually only congestion 
and some edema, the inflammation-not progressing the point 
complete consolidation. Often the entire lobe solid; nearly always 
when the internal one that affected. Rarely the consolida- 
tion confined the left posterior lobe, and then, the right, 
the anterior tip commonly spared. The visceral pleura the 
consolidated lobe dark red and has lost its luster. There gen- 
eral deposit fibrin fine granules, with here and there few 
small flakes even fairly large sheet. The consolidated portion 
uniformly firm and inelastic, the lobe not flattening from gravity 
when placed upon the board. Excised portions sink once 
water. The cut surface dark red, not very moist, and somewhat 
granular. firm compression only moderate quantity rather 
thick bloody fluid can squeezed out, the tissue soon giving way 
with ragged line fracture. 

The exudate consists mainly well preserved polymorpho- 
nuclear leucocytes closely filling the alveoli. There are red blood 
cells free the alveoli but they are usually relatively few number 
and unequally distributed; some alveoli contain many, and others 
only few. Occasionally many alveoli are filled with red blood 
cells. Fibrin present throughout fine threads and granules. 
this early stage, the rule sections made from inflamed tissue, 
later. The bronchi, themselves free from inflammation, are filled 
with the exudate from the alveoli. When the whole lobe not con- 
solidated, the composition the exudate changes near the site 
which only congested and edematous. Here serum begins pre- 
dominate over cells, the leucocytes are fewer, and there some 
epithelial desquamation. 

this time pneumococci are seen large numbers, capsulated, 
pairs, and often short chains. They lie extracellularly for the 
most part, free the alveoli and finer bronchial vessels. Examples 
phagocytosis are not numerous. 

The lymph nodes related anatomically the corisolidated lobe 
are swollen, soft, and moist. The sinus contains many polymorpho- 


nuclear cells, and the germinal centers are prominently defined. 
There often mild degree acute splenic tumor. 

the end the second day the pleura more dull and the 
quantity fibrin increased, often the extent shaggy patches. 
The consolidated portion the lung still firm, but already 
begins flatten from gravity and less friable. Some the 
polymorphonuclear leucocytes are disintegrating. few alveoli 
there are free large mononuclear cells, some which have ingested 
polymorphonuclear leucocytes. Examples this macrophage ac- 
tivity may seen also the vessels the lymph plexus deep the 
The diplococci are fewer number and many are now 
intracellular. Growth from the exudate not profuse before. 

the fourth day, resolution fairly inaugurated. The lobe 
softer and longer uniform color and consistence, some parts 
being softer and lighter red color than others, even grey. 
Nearly all the pus cells stain poorly, the ratio large mono- 
nuclear cells has increased, and fair proportion alveoli contain 
only, largely, serum. Phagocytosis the polymorphonuclear 
cells continues greater extent. Many examples are seen 
the alveoli, the lymph vessels, and the peripheral sinus the 
related lymph nodes, the swelling which has subsided. 

Usually this time only few diplococci may observed, and 
they lie within the polymorphonuclear cells. Transplantations fur- 
nish slight growth. 

From now resolution proceeds rapidly but not uniformly 
throughout. advances rather from the edge and circumference 
the lobe and the anterior margin the consolidated part toward the 
center, where slowest about the larger bronchial vessels, and 
the diaphragmatic surface. Sometimes the end the first week 
little the exudate remains. Nearly always before two weeks have 
passed the lung has returned the normal condition. 

several instances, resolution was not complete, there being left 
behind one more small streaks patches the thin edges the 

the constancy its occurrence and the many examples it, this 
activity the large mononuclear cells, the occurrence and sig- 
nificance which inflammation Opie (Harvey Lectures, 1909-1910, 192) has 


recently again directed attention, seems important factor the removal 
the exudate. 
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lobe where the persisting exudate was undergoing organization. 
two instances, organization the exudate was extensive, once 
affecting nearly the entire lobe. likely that organization 
more less dependent upon the secondary invasion the exudate 
the distemper bacillus, since some instances, the early stages, 
have cultivated the bacillus that affection. cus- 
tomary the spontaneous pneumonia dogs which prone 
undergo partial organization, growth obtained. 


ILLUSTRATIVE PROTOCOLS. 


Dog 7.—Mongrel, male. Weight, 5.3 kilos. 

March 23, 1910. Temperature 38.6°. 11.30 Under ether 
anesthesia, injected intrabronchially c.c. hour plain broth culture 
pneumococcus The animal recovers promptly and completely few 
minutes, from simple anesthesia. 5.00 Quiet; seems ill; tempera- 
ture 40.4°. 

March 24. Better, but not normal. Weight, 4.9 kilos. Tempera- 
ture 38.8°. Killed with ether. 

once. The posterior lobe the right lung 
completely consolidated for about four fifths its extent. The remaining 
fifth the anterior superior angle congested and edematous. The surface 
the consolidated portion raised, dark red, moist, and glistens less than the 
other lobes both lungs. evenly firm. Excised portions sink 
once water. The cut surface evenly dark red, very moist, and finely 
granular. Upon squeezing, there much thick blood-stained fluid unmixed with 
air, and the cut bronchial vessels exude viscid, reddish brown, semifluid material. 

the contiguous inferior surface the right middle lobe thin, dark 
red streak following, and adjacent to, the main bronchial vessel. contains air 
throughout. The remainder the right lung, well the entire left lung, 
normal appearance. 

The lymph nodes the root the right lung are swollen and soft; section 
they are moist and translucent. 

Smears scrapings from the cut surface the consolidated portion contain 
great many well preserved polymorphonuclear leucocytes, moderate number 
red blood cells, few large mononuclear cells, and fair number extra- 
cellular, pointed, Gram positive, capsulated diplococci. Smears from the con- 
gested and edematous anterior angle the lobe show much serum, many poly- 
morphonuclear cells, and many diplococci. 

the consolidated portion the right posterior lobe: profuse 
growth pneumococcus; pure. 

From opened bronchial vessel the same portion: the same. 

From the adjacent edematous portion: the same. 

From the right middle, right upper, and left lower lobes: growth. 
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sections from the consolidated portion, all the alveoli are evenly filled 
with well stained polymorphonuclear leucocytes with very few red blood cells 
here and there. the edge the consolidated area the alveoli contain fewer 
and fewer polymorphonuclear cells, more and more serum, and good number 
desquamated epithelial cells. 

Dog (New 10.5 kilos. 

October 1910. Temperature 38.4°. Under ether anes- 
thesia, injected intrabronchially c.c. hour plain broth culture pneumo- 
coccus Quick, complete recovery. Quiet; temperature 39.8°. 

October 11. Temperature 39.3°. 

October 14. Temperature 39.2°. Killed with chloreform. 

Autopsy.—Performed once. Both lungs are slightly emphysematous. The 
inflammatory change confined the posterior lobe the left lung. The 
diaphragmatic surface this lobe dark red, rather dry, and shaggy places 
from tags fibrin. The subjacent lung tissue solid and airless forwards for 
distance 1.5 cm., except along the superior margin and the external angle, 
where only half consolidated. The irregularly light and dark red consoli- 
dated portion gives way anteriorly uneven line grey and red lung tissue, 
very moist and containing much air until about the middle the lobe, from 
where onwards the anterior tip the tissue only more moist than normally, 
being neither consolidated nor congested. The tip bound firmly fibrinous 
deposit the contiguous middle lobe and superficially solid for area 
about sq. cm. 

The consolidation described first comprises about one fourth the lobe. 
bacteria are seen smears; but there scant growth pneumococcus 
transplantations. 

sections the alveoli near the base the lobe are fairly regularly filled 
with polymorphonuclear cells various stages disintegration. Farther for- 
wards, serum and large mononuclear cells appear and come make most 
the exudate, until, the limit the consolidated part, there only small 
quantity precipitated albuminous material the alveoli. Many the large 
mononuclear cells contain one more poorly staining polymorphonuclear cells. 

the base the lobe fibrin abundant the surface the pleura and 
within the subjacent alveoli. Farther forwards there little. 


Fatal the fatal cases the clinical course the disease 
and the anatomical changes are quite different from what has just 
been described. already stated, certain relation was found 
exist between the quantity culture injected and the severity the 
disease produced. Most the deaths followed the injection 
large quantity culture, and, conversely, the injection large 
quantity was usually fatal. 
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The animals instead beginning improve the day after 
the injection become worse; the fever persists; the animal does 
not eat, prostrated, and dies from two four days after 
inoculation. 

There corresponding difference the anatomical changes. 
least one lobe, and sometimes two even three lobes are 
entirely consolidated. The pleural cavities contain large quantity 
bloody fibrino-purulent exudate, the pericardium inflamed, and 
septicemia exists. The exudate within the lung and the pleural 
and pericardial cavities contains, well the blood, large numbers 
capsulated pneumococci pairs and short chains. There 
acute splenic tumor. the ten fatal cases, all except three pre- 
sented serositis and septicemia. two the three instances where 
these complications did not occur there were several foci ne- 
crosis the consolidated lobes, with which spore-bearing bacillus 
was associated and death was probably due this secondary effect. 

Thus anatomically and bacteriologically the fatal type the 
experimental disease resembles even more closely acute lobar pneu- 
monia man than the mild type. 


ILLUSTRATIVE 


Dog 4.5 kilos. 

April 1910. Temperature 39°. 11.30 Under ether anes- 
thesia, injected intrabronchially hour plain broth culture pneumo- 
coccus Quick, complete recovery. Moderately ill; tempera- 
ture 

April 9.30 Worse; temperature 39.8°. 

Found dead. 

once. The right pleural cavity contains about c.c. 
blood-stained, purulent exudate with many flakes and masses fibrin. The 
pleural surfaces are bright red and shaggy places from deposits fibrin. 
The left pleural cavity contains fluid, but there congestion and dry 
fibrinous exudate over the anterior lobe. 

The anterior lobe the left lung and the middle and internal lobes the 
right lung are solid and airless. There are also two areas consolidation 
the right posterior lobe comprising about one fourth its volume. The anterior 
lobe the right lung collapsed; the middle and posterior lobes the left are 
emphysematous. The pericardial cavity contains c.c. bloody purulent fluid 
with large clump fibrin. 

smears from the consolidated lobes and the pleural and pericardial exu- 
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dates, there are enormous numbers pointed, capsulated, Gram positive diplo- 
cocci pairs and short chains. the heart’s blood there are also large num- 
bers. Transplantations from these sources give profuse pure cultures 
pneumococcus. 

Sections from the anterior lobe the left lung and the internal lobe the 
right show alike evenly distributed purulent exudate filling the alveoli com- 
pletely. There are very few red blood cells any alveoli. Nearly all the 
alveoli contain fine granules fibrin. 


Statistical Data.—The series comprised forty-eight animals. Ten 
died, thirty-four were killed within from one twelve days, and 
four, several weeks after the injection was made. the forty-four 
that died were killed within twelve days inoculation, forty- 
two were found have pneumonia. the remaining two the 
lungs were normal. One the latter animals formed part 
experiment which four were used determine whether large 
quantity culture would prove constantly fatal. The four animals 
were injected one after another, each with fifteen cubic centimeters 
the same lot culture. them became very ill and died 
one and half, one and half, and four and half days, respec- 
tively. two, the whole, and the third three fifths the right 
posterior lobe was consolidated. All had empyema, pericarditis, and 
septicemia. from their protocols that the description the 
fatal disease given partly drawn. The fourth animal was not 
ill, had fever, and when killed the eleventh day, the lungs 
were found normal. The other negative result consisted 
animal which received six cubic centimeters culture and was 
killed day afterwards. 

quite certain that the two failures the tube, instead being 
introduced through the larynx, was mistake pushed down into 
the esophagus. 

The lungs the four animals that were killed several weeks after 
the injection were normal, which finding agreement with the 
progress resolution and the time required for its completion 
according our description. 

Pneumococcus mucosus.—Besides the typical pneumococcus, 
have injected dogs the same way with virulent culture Pneu- 
mococcus mucosus Streptococcus mucosus) recently 
grown from the spinal fluid case meningitis. This organism 
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produced virtually the same kind extensive fibrinous consolida- 
tion the typical pneumococcus, the only difference being that the 
exudate was more moist and quite viscid. This difference was prob- 
ably dependent upon the inherent characteristics the organism 
itself rather than upon any essential difference the character 
the exudate furnished the host. When cultivated upon artificial 
media, the organism manifests the same character greater mois- 
ture and viscosity growth compared with the pneumococcus. 

experiments made the 
same way with culture the Friedlander bacillus pathogenic for 
mice, resulted the production evenly distributed consolida- 
tion affecting nearly the whole one lobe. The consolidated part 
was lighter red color than that produced the pneumococcus, 
even grey places, less friable, and extremely moist and viscid— 
peculiarities which are described characteristic lobar pneu- 
monia human beings when caused this organism. 

Control several control experiments, salt solu- 
tion, broth, serum, and mixtures serum and soap solution were 
injected the same way the cultures. none did consolida- 
tion follow. 

Likewise number experiments made with pathogenic 
streptococcus and with the influenza bacillus, which are not detailed 
here they are apart from the purpose this paper, may 
considered controls, for these bacteria produced kind inflam- 
mation which could not mistaken for, confounded with, the 
consolidation caused the pneumococcus. 

may mention, finally, that few the animals respira- 
tion and heart action stopped during the preliminary etherization 
and the animals had resuscitated means intratracheal 
insufflation. The intrabronchial injection the culture followed 
immediately the resuscitation. This incident had apparently 
unfavorable influence upon the course the pneumonia; all the 
animals survived and the course the disease was mild one. 


DISCUSSION. 


means intrabronchial insufflation pneumococcus cul- 
ture succeeded producing lobar pneumonia dogs. forty- 
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two successive experiments there was not single failure. The 
failures the two additional cases were due 
the technique, the tube being introduced into the esophagus in- 
stead into the trachea. The anatomical and bacteriological find- 
ings the successful experiments accorded essentially with those 
usually found cases fibrinous pneumonia man. The con- 
solidations were massive and lobar, and not patchy lobular. 
croupous pneumonia, distinguished from the lobular and pseudo- 
lobar varieties, the inflammation was confined the specialized 
terminal portions the respiratory tract—the alveoli and infundi- 
bula; the mucosa the bronchi remaining uninvolved. The 
interrelations leucocytes, and the large mono- 
nuclear lymphocytes according the stages the inflammatory 
process, resembled those occuring lobar pneumonia 
The findings the fatal cases were strikingly similar those 
some fatal cases pneumonia man; such pericarditis, em- 
pyema, septicemia. The mortality the cases uncomplicated 
secondary infections was least high lobar pneumonia 
mind that, among the non-fatal cases, animals are included which 
were killed the first second day, some which, left 
themselves, might not have recovered. 

However, one respect the experimental pneumonia our dogs 
differed from pneumonia man, and that the clinical course 
the non-fatal cases. man, the temperature, rule, remains 
continuously high for week longer, and the disease terminates 
mostly crisis. Furthermore, the critical termination the clin- 
ical symptoms seems coincide with the onset resolution. 
other words, the clinical symptoms man seem run parallel with 
the anatomical changes. This was not the case the non-fatal 
cases our experiments. While the pathological processes even 
the milder cases were, character well duration, similar 
those pneumonia man, the clinical course the non-fatal 
cases was, compared with the pathological processes, short and 
mild; fever and recognizable malaise subsided lysis day 
two. 


distinguishing feature not itself essential the proeess should 
noted. The transition from red grey hepatization was wanting. 
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This discrepancy may explained one two assumptions. 
Doubtless the pneumococcus employed for injection was not 
dogs the pathogenic pneumococci, producing pneu- 
monia spontaneously, are adapted man. Whether such adap- 
tation could secured successive passages lead dis- 
ease simulating more closely clinical aspects the human affection, 
matter speculation. may be, furthermore, that dogs, unless 
overwhelmed with fatal doses the virus, are less apt respond 
with general reaction—perhaps just because they respond with 
strong local reaction the lungs. 

However, whatever the cause, does not affect the significance 
the results, which show that intrabronchial insufflation 
pneumococcus culture, pulmonary inflammation may produced, 
which from pathological point view resembles closely lobar 
pneumonia man. 

believe, therefore, that these results furnish the first unmis- 
takable experimental evidence intimate etiological relationship 
between the pneumococcus and lobar pneumonia. Attention in- 
vited the fact that the dogs were not prepared any manner, 
specially selected. Nevertheless, they responded the infection 
with definite pneumonic reaction. Hence the causation the 
pneumonia and its outcome depended entirely upon the invading 
organism, its numbers and virulence; and the condition the host 
was inconsiderable factor the result. 

The essential reason for our experimental success, believe, 
contained the fact that the injected quantity the culture was 
sufficient obliterate group small even larger bronchi. 

this manner, the lumina the bronchi and the corresponding 
alveoli were converted into closed cavities semi-solid masses 
which contained numerous pneumococci close proximity the 
pulmonary tissue. seems that the simple presence patho- 
genic bacteria free non-denuded surface does not readily call 
forth local reaction and infection. The injections small 
quantities culture into the trachea usually failed call forth 
pulmonary reaction, because the small quantity the injected 
culture had spread over large areas; and even some 


certain bronchi alveoli, the quantities were too minute 


Lamar and Melizer. 147 


cause the obliteration even very small pulmonary areas. Patho- 
genic bacteria forth inflammatory reaction only when they 
have chance settle and develop their activities the meshes 
the various tissues closed narrow tubes and the small cavities 
the body: The simple presence pneumococci the mouth 
does not produce infection. Neither would these organisms 
capable producing infection and inflammatory reaction the 
pulmonary alveoli they were free there imbedded masses too 
minute obliterate these spaces. quantiy six cubic centi- 
meters broth culture suffices apparently for dogs, obliterate 
fairly large number bronchi and thus give the organisms therein 
chance cause fairly extensive inflammatory reaction. But 
these cases the local and general defensive elements the tissues 
and the fluids the body were sufficient antagonize the infective 
and toxic action the relatively large number pathogenic organ- 
isms contained this quantity. When, however, larger quantities 
the culture were injected and larger areas the lungs were 
converted into battle grounds, the local and general defences often 
failed resist the too numerous invaders, and lethal result was 
often produced. According this view, the question experi- 
mental success does not depend much upon the alteration the 
power resistance the invaded individual, upon the oppor- 
tunity offered the invading pathogenic organisms for intrench- 
ment the invaded territory. 


SUMMARY. 


The numerous attempts made the last twenty-five years 
reproduce lobar pneumonia animals practically failed all 
instances. 

intrabronchial insufflation pure cultures pneumococcus 
dogs, produced experimental pneumonia successively forty- 
two cases, with mortality least per cent. The fatal cases 
resembled closely lobar pneumonia man. the non-fatal cases, 
the pathological and bacteriological findings were again accord 
with the findings man. Clinically, however, the cases non- 
fatal experimental pneumonia run milder and shorter course than 
man. 
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few instances, lobar pneumonia has been produced experi- 
mentally also with the mucosus and with Fried- 
lander’s pneumobacillus. The anatomical findings these experi- 
ments have shown some characteristics agreeing with the findings 
the pneumonias man produced these organisms. 

The quantity the injected culture seemed have definite 
influence upon the outcome the disease; the fatal cases larger 
quantities the culture had been injected. 

The animals were neither selected nor prepared any manner. 
The experimental success did not, therefore, appear depend upon 
the degree resistance the individual hosts. 

suggested that the uniformly successful results the experi- 
ments were due the obliteration large number bronchi 
the injected culture, through which mechanical effect favorable 
opportunity was provided the pneumococci develop and display 
their pathogenic activities consisting the calling forth char- 
acteristic local, more less effective, widespread, inflammatory 
reaction the lung tissue. 


THE PRODUCTION PASSIVE 
NESS TUBERCULIN. 


PRELIMINARY REPORT.* 


CHARLES AUSTRIAN, M.D. 


(From the Medical Clinic the Johns Hopkins Hospital, Baltimore, Md.) 


The successful transference hypersensitiveness tuberculin 
from man animals the crucial evidence that has been needed 
substantiate the theory von Pirquet, Richet, and others, that the 
tuberculin reaction true anaphylactic phenomenon. this 
most important phase anaphylaxis, large amount literature 
has already appeared, but the results the experiments reported 
have, for the most part, been negative. 


Friedemann (1), Eitner and Stoerk (2), Roepke and Busch (3), Novotny (4), 
Onaka (5), Simon (6), and Joseph (7), Joseph (8), Frankel (9), Kraus, 
and Volk (10), Krause (11), and others, all report failure their 
attempts produce passive sensitization guinea pigs with the blood 
serum tuberculous individuals who reacted tuberculin. 

(12) injected young rabbits intraperitoneally with the serum 
tuberculous patients and regarded the acute death the animals that followed 
the intravenous injection tuberculin evidence passive sensitization. But 
Krause has clearly demonstrated that, normally, young rabbits are extremely 
sensitive extracts tubercle bacilli, that the symptoms noted Yamanouchi 
cannot interpreted evidence anaphylaxis. 

Bauer (13) also reported successful transference tuberculin hypersensi- 
tiveness from man guinea pigs, but Novotny, Frankel, and Simon have shown 
that the febrile reactions that Bauer considered evidence positive result 
cannot interpreted, inasmuch guinea pigs previously injected with the 
serum non-tuberculous individuals react similarly when given small doses 
tuberculin. 

According Bail (14), normal guinea pigs can passively sensitized 
tuberculin the intraperitoneal injection extracts the tuberculous organs 
infected animals, but similar treatment with the blood serum tuberculous 
guinea pigs rabbits does not produce like results are not 
convincing, for none the animals tested developed dyspnea, convulsions, 
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other signs anaphylactic shock, and section showed only fibrinous peritonitis 
and hyperemia the adrenals. 

Onaka repeated these experiments and obtained similar findings; whereas 
Kraus, Lowenstein, and Volk were unable confirm their observations. 

The claim Helmholz (15) that tuberculous guinea pigs show positive 
von Pirquet reaction, and that this ability reacting tuberculin can trans- 
ferred normal animals symbiosis with injection the blood the 
infected animals, has not been verified. fact, Onaka, repeating the work 
Helmholz, found that the apparently positive results were obtained well 
normal guinea pigs that had received several subcutaneous injections small 
amounts old tuberculin. 

The observations Bruck (16) alone seem indicate that passive trans- 
ference tuberculin hypersensitiveness possible. This investigator observed 
two patients with lupus vulgaris and lichen scrofulosorum, both whom de- 
veloped marked local, focal, constitutional, and febrile reactions after the admin- 
istration five milligrams old tuberculin (O. T.). injected under the 
skin each ten normal guinea pigs, c.c. the active serum these pa- 
tients, and after twenty-four forty-eight hours reinjected them subcutaneously 
with 0.5 c.c. old tuberculin (O. T.). the treated animals became ill 
with symptoms anaphylaxis within one hour after the injection tuberculin 
and died within four five hours. Autopsy showed nothing worthy note 
(‘Sectionsbefund ohne Besonderheiten 

Bruck does not define what means “symptoms anaphylaxis”; none 
his animals died acute shock, and none showed section the typical ana- 
tomical changes. 

The results these experiments are not convincing, but are suggestive, 
that they seem indicate least partial success the production passive 
heterologous hypersensitiveness tuberculin. 


some recent experiments made with the blood patient 
the Johns Hopkins Hospital, conclusive proof was obtained that 
hypersensitiveness tuberculin can transferred from man 

the guinea pig. 

blood and serum used the following experiments were 
obtained from patient the medical service Dr. Barker. 


Y., physician, aged years, suffering with marked glandular enlarge- 
ment and pain the left hip, was admitted the Johns Hopkins Hospital. His 
history was negative, except for uncomplicated attack pneumonia 1904. 
Two years before admission the hospital, the cervical lymph glands became 
tender and enlarged, the inguinal glands soon became similarly affected, and 
within year general involvement the lymph nodes was manifest. There 
was history fever, night sweats, emaciation, and glands broke down 
led sinus formation. 

Physical examination showed apparent anemia, markedly enlarged cervical 
and inguinal lymph nodes, and slight increase the size the axillary glands. 
The affected glands were firm and discrete. 
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Reaction Tuberculin—On November 14, four days before entering the 
ward, cutaneous test (von Pirquet) had been made. The patient stated that 
within few hours after the tuberculin was administered, the glands the right 
cervical region became tender, definitely swollen, and the skin over them was 
reddened. spent restless night, and the next morning the arm showed red- 
ness and swelling and was quite sore. The acute swelling the lymph nodes 
persisted for about four days, during which time the patient was febrile, his 
temperature reaching The local reaction about the site vaccination 
gradually subsided, but area cm. diameter remained indurated and cov- 
ered with psoriasis-like crusts and scales for least six days. 

November 23, drop per cent. solution old tuberculin (O. T.) 
was instilled into the left conjunctival sac. Within eight hours, sense 
fulness and pain developed the right cervical lymph glands. few hours 
later, the palpebral and bulbar conjunctive and the caruncle were markedly 
reddened, the injection persisting for over twenty-four hours. The glands re- 
mained painful for few hours, and the evident increase their size slowly 
regressed within twenty-four hours. 


The development marked reaction following von Pir- 
quet test, the flagrant response the conjunctival instillation 
one drop per cent. solution tuberculin, leading, both 
did, local, focal, constitutional, and febrile reactions, indicated 
maximal grade tuberculin hypersensitiveness, and the attempt 


was made passively sensitize guinea pigs with the blood this 
patient. 


EXPERIMENTAL PART. 


Varying amounts the whole blood Y., coagu- 
lation which had been inhibited the addition sodium citrate solution. 

(2) Varying amounts the active serum from the same patient. 

gram finely pulverized tubercle bacilli was extracted for 
seventy hours with c.c. distilled water 45° 50° The preparation 
was then centrifuged for hour, and the slightly turbid yellow fluid was used 
the test solution. 

Normal guinea pigs, 250 gms. weight, will tolerate 3.5 c.c. this solution 
injected into the peritoneum, 1.25 c.c. injected behind the orbit, 2.5 c.c. injected 


into the heart, without the development toxic symptoms marked thermal 
disturbance. 


Series 


Guinea Pig ci—Male, weighing 590 gm. 

November 24. 12:34 Intraperitoneal injection c.c. citrated 
blood 

November 26. Postorbital injection c.c. antigen Im- 
mediate coma and apnea lasting for seconds. 


4q 


Semicomatose. Lying side. Dyspneic. 

Still dull with paresis extremities. Frequent urination and 
defecation. 

Semicomatose, dyspneic, cyanotic. 

2:00p.m. Still dyspneic. Occasional generalized clonic convulsions. 

5:00p.m. Generalized clonic convulsions, stertorous respiration. Death. 
Heart beat two minutes after cessation respiration. Temperature’ fell ab- 
ruptly after test injection (text-figure 1). 


Guinea Pig ci. 


*In taking the temperature guinea pigs, reliable results can obtained 
only handling the animals gently and inserting the thermometer constant 
distance into the rectum. 
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section, the lungs are voluminous, and pink, and show numerous hillocks 
emphysema. Few epicardial hemorrhages. 

Guinea Pig weighing 470 gm. 

November 24. 12:35 Intraperitoneal injection cc. citrated 
blood 

November 26. Postorbital injection c.c. antigen. Imme- 
diate coma and apnea 

11:34a.m. Dyspneic, cyanosed. Frequent urination and defecation. Restless. 

Still dyspneic, gasping and bucking movements, clonic twitchings, 
paresis hind legs. 

2:00p.m. Typical gasping respiration with audible stridor, marked cyanosis, 
bucking, sneezing, and paresthesia. 


Guinea Pig cxiii. 


i i i 
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2:35p.m. Coma, clonic convulsions. Practical cessation respiration. 

2:40p.m. Opisthotonos, general rigor. Does not breathe. Heart continues 
pulsate rapidly and irregularly for two and half minutes. Temperature fell 
3.2° half hour, and continued fall until death. 

section, the lungs are voluminous, white, and emphysematous, except for 
few small areas collapsed tissue. The heart dilated and flabby. There 
are several epicardial hemorrhages the surface. The blood clots very slowly,— 
twenty-eight minutes. 

Guinea Pigs civ, and injections 1.5, and c.c.. 
citrated blood respectively. When tested forty-four hours later, the ani- 
mals showed only mild symptoms—restlessness, hyperesthesia, slight dyspnea— 
recovering rapidly from one three hours. 


TEXT-FIG. Guinea Pig 
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Guinea Pigs cvi, cvii, cix, cx, and injections 
0.5 Those receiving 1.5 serum (guinea pigs cvii and 
cix) showed definite symptoms anaphylaxis, whereas those receiving the 


smaller doses developed signs too slight warrant interpretation indications 
positive result. 


Guinea Pig weighing 400 gm. 

November 24. 4:25 Intraperitoneal injection citrated 
blood 

November 26. 3:32 p.m. Postorbital injection c.c. antigen. 

Intracardiac injection 1.75 c.c. antigen. 


4:53p.m. Restlessness, dyspnea, cyanosis, gasping and bucking, occasional 
sneezing, urination and defecation: 


5:30 Symptoms persist. Marked drop temperature (text-figure 2). 
Slow recovery seven hours. 


Control Experiments. 


Guinea Pigs and weighing 200 300 gm. 

November 26. 9:00 a.m. Guinea pigs and received injections 
1.25 c.c. antigen, and aside from transitory pressure symptoms, vertigo 
and restlessness, lasting two thirty minutes, remained normal. The tempera- 
ture curves show nothing striking (text-figure 3). 

November 26. 9:20 Guinea pigs and received postorbital injec- 
tions 1.25 c.c. antigen, and one hour later 1.5 c.c. intracardiac injection. 
They remained quite normal. 

November 24. Guinea pig received injection 

November 26. 8:00 Postorbital injection c.c. antigen. 
symptoms. 

8:50 Intracardiac injection 1.25 c.c. antigen. symptoms (text- 
figure 4). 


This series experiments shows that guinea pigs can pas- 
sively sensitized extracts tubercle bacilli the injection 
the blood patient with maximal grade tuberculin hypersen- 
sitiveness. further demonstrates that the whole blood more 
effective sensitizing agent than the serum. 


Series 


Guinea Pig weighing 270 gm. 

November 27. 2:20 Intraperitoneal injection citrated 
blood 

November 28. Found dead cage. 

Guinea Pig weighing 320 gm. 

November 27. 2:23 Intraperitoneal injection citrated 
blood 

November 29. Postorbital injection antigen. Imme- 
diate cries, restlessness, inspiratory gasps, cyanosis, and hyperesthesia. 

10:16a.m. Symptoms persist. 

11:46 Intracardiac injection c.c. antigen. dyspnea, 
bucking, sneezing, and hyperesthesia. 

1:05 Still has symptoms. Unusual critical fall temperature (text- 
figure 5). Slow recovery nine hours. 

Guinea Pig cxvi—Male, weighing 320 gm. 

November 27. 2:25 Intraperitoneal injection c.c. citrated 
blood 

symptoms. 


4 


restlessness, urination; defecation, and hyperesthesia. 
2:50 addition the symptoms noted, paresis the hind 


legs, cyanosis, and sneezing. Marked fall temperature figure 6). 
recovery eleven hours. 


Guinea Pig cxv. 


Guinea Pig cxvii—Male, weighing 240 gm. 


blood 


November 29. Postorbital injection antigen. Imme-. 
diate restlessness, inspiratory gasps, cries, and 
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Bucking, dyspnea, restlessness, scratching and chewing move 
urination and defecation frequent intervals. 

2:00 Looks ill, intermittent dyspnea, paresis hind legs, hyperesthesia. 
Lying side. Marked drop temperature (text-figure 7). 


Guinea Pig cxvi. 

Guinea Pig cxviii—Male, weighing 240 gm. 

blood 

November 29. 10:15 Postorbital injection c.c. antigen. Imme- 
diate death due pontile hemorrhage, shown autopsy. 


Guinea Pig weighing 400 gm. 


blood 


November 29. 10:18 Postorbital injection c.c. antigen. 


Imme- 
diate crying, restlessness, dyspnea, gasping and sneezing, paresthesia. 


Guinea Pig cxvii. 


10:43 Intracardiac injection 1.4 c.c. antigen, Prompt exaggera- 
tion symptoms with gasping inspiration, livid cyanosis, paresis extremities, 
evidence hyperesthesia, feeble bucking movements, then slowed deep gasping 
respiration. 

10:45 Fell side with feeble generalized convulsive movements, and 
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.Qn section, the lungs: were enormously meeting across the mid-line, 
pale and snow white color, due great emphysema. Heart dilated, auricles 


Controls. 


Guinea Pigs and K.—Males, weighing 200 290 gm. 

Guinea pigs and postorbital injections 1.25 antigen, 
drop temperature. 
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Guinea pig received intracardiac injection antigen 3:17 
and soon after looked ill, but there was respiratory distress, sneezing, 
bucking, convulsive movements, paresthesia, although there was marked 
drop temperature. Within thirty minutes, the animal seemed moribund, and 
5:00 was etherized. opening the chest, large pericardial hemorrhage 
was found which widely distended the sac. 

determine whether not pericardial hemorrhage alone might explain the 
marked fall temperature noted some the animals series II, guinea 
pigs cxvi and cxvii were killed and sectioned, but neither were any evidences 
internal hemorrhages found. addition this observation, normal guinea 
pigs and several needle stabs into the heart. They showed symp- 
toms similar guinea pig with marked drop temperature (text-figure 8), 
and, section, large and pleural hemorrhages were found. 


The results the experiments above detailed need little com- 
ment. The degree passive anaphylaxis produced two the 
animals was great seen guinea pigs passively sensitized 
horse serum active sensitization with any protein, and eight 
the remaining nine animals tested, definite signs mild anaphy- 
laxis developed. 

The success these experiments probably dependent two 
factors: (1) the extreme hypersensitiveness the patient from 
whom the blood was obtained; and (2) the antigen used the 
intoxicating agent. 

Definite proof given that tuberculin hypersensitiveness man 
condition true anaphylaxis and that cases tuberculin 
least, may present the cir- 
culating blood. 

The failure the previous work may perhaps explained (1) 
the theory that, most instances tuberculin hypersensitive- 
ness, found only the tissues the body, 
and either not all, only minimal amounts the circulation 
whereas, the rare cases which maximal grade sensitiveness 
tuberculin exists, there sufficient circulating antibody passively 
sensitize animals injected with their blood; and (2) the fact 
that “old tuberculin” (O. T.) contains too little protein the 
doses used act efficient toxic agent sensitized animals. 

thanks are due Dr. Barker for permission report 
this work, and Dr. Clough for his assistance making 
the observations recorded. 


Production Passive Hypersensitiveness Tuberculin. 
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STUDIES IMMUNITY CANCERS THE 
WHITE RAT. 


Tue STATE” AND THE MECHANISM THE 
OrGAN RESISTANCE GROWTH.* 


ISAAC LEVIN, 


(From the Department Pathology Columbia University, College 
Physicians and Surgeons, New York.) 


PLATES 23-25. 


For all future investigation the cancer problem, the 
utmost importance ascertain whether the disease is, its early 
stages, purely local condition and whether all the clinical symp- 
toms are subsequent the dissemination the tumor, whether 
is, even its incipiency, general parasitic constitutional 
disease. Most pathologists and clinicians are inclined consider 
its early stages, local disease. Those who fayor the 
parasitic theory cancer must, necessity, consider condition 
immediately affecting the whole organism. Neither clinical nor 
anatomical investigations human material have succeeded 
settling the problem. Were possible approach the subject 
the aid experimentation with inoculable tumors white rats 
and mice, way would opened for the ultimate understanding 
the pathogenesis cancer. 

hardly necessary dwell upon the fact that inferences and 
analogies the human organism may drawn from the study 
cancers white rats and mice, the same way that inferences are 
drawn bacteriology from studies lower animals. Both spon- 
taneous and inoculated tumors produce these animals clinical 
well pathological manifestations akin those observed human 
beings. objection raised, however, that the inoculated 
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animals one dealing not with true primary tumor, but with 
metastasis. The reason for this lies the fact that the growth 
cancer these animals from group cancer cells transferred 
from another host. But the inoculated tumor the first and only 
manifestation cancer the new host and not secondary 
another tumor the same organism, metastasis. Conse- 
quently, assumed that there qualitative difference be- 
tween spontaneous and inoculated tumor, the supposition 
that spontaneous tumor begins with proliferation group 
normal cells and not with cells changed previously their 
character. 

There seems little doubt that cancer growth must due 
two factors: (1) the presence group peculiarly changed cells, 
and (2) the reactivity the host. the white rat, where 
comparatively easy induce the unlimited growth inoculated 
tumor. cells, all experiments with inoculations adult even 
embryonic tissue have failed. Ribbert has always been the strong- 
est advocate the theory that cancer cell not different 
any way from normal cell, and that the only changed condition 
the surrounding connective tissue. significant that 
his latest publication (1) inclines the view that not only are 
the cells fully developed cancer different from normal cells, but 
that the beginning the process cancer formation may due 
primary change group cells. the concluding sen- 
tence his book, says: “Das Karzinom entsteht auf Grund 
einer durch Epithelprodukte bewirkten, die Differenzierung des 
Epithels. vermindernden und sein Tiefenwachstum 
subepithelialen admits that the changes the 
subepithelial connective tissue, which formerly served the basis 
for formation theory, appear frequently without sub- 
sequent development cancer. According his latest concep- 
only certain specific kinds subepithelial inflam- 
matory processes may induce the formation cancer. This spe- 
cific precancerous. inflammation connective tissue caused 
products the, degenerative changes the same epithelial cells, 
which subsequently lose their differentiation and acquire the prolif- 
erating power. other words, they become cancer cells. 
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investigators like Ribbert admit that the growth cancer 
begins from abnormal cells, then would seem that 
there fundamental qualitative difference between inoculated 
cancer white rats and mice and the spontaneous tumors man 
and animals. 

The next question, then, determine the experimental 
methods which may ascertained whether cancer begins 
local general disease Since the disease always orig- 
inates group abnormal cells, and the causation the 
latter completely unknown, recourse must taken the in- 
fluence the host the development cancer cells. cancer 
begins local disease, then purely local conditions must 
found the different organs and tissues the host, which either 
favor inhibit the proliferation the group spontaneous in- 
oculated cancer cells. Thus far, all the experimental studies 
the inoculable tumors white rats and mice, attention has been 
paid only the general susceptibility the whole organism 
the host the growth cancer. 

The writer’s (2) studies the mechanism resistance im- 
munity the growth tumors when inoculated into parenchyma- 
tous organs, seemed indicate method for the study the 
focal organ reactivity the host. The investigation was con- 
ducted adenocarcinoma white rat. Before reporting 
the experiments, will advantageous describe briefly the 
characteristics and behavior this tumor. 


THE FLEXNER-JOBLING MIXED TUMOR THE RAT. 


This tumor, for transplant which the writer indebted 
Dr. Simon Flexner, was first described Flexner and Jobling (3), 
1907, polymorphous sarcoma. Subsequent study (4). 
showed, however, ‘that the tumor contained, from the beginning, 
epithelial present, grows either the form 
simple alveolar carcinoma, adenocarcinoma. Upon sub- 
cutaneous inoculation, the tumor does not grow large size 
the rat very soon degenerates, leaving only 
thin capsule growing tissue. The degenerating part the 
tumor shows the condition coagulative 


| 


166 Immunity Cancers the White Rat. 


necrosis. Although, stated, the inoculated tumor does not reach 
great size, presents high degree invasive power, penetrates 
nearly all tissues, muscle, fascia, bone, and cartilage, and often 
forms metastases. other words, completely analogous 
human carcinoma. 

the course their investigations, Flexner and Jobling ob- 
served that this tumor rarely grows when inoculated into the tes- 
ticle. The results this study, their own words, are follows: 

“Tn all the experiments except one the result was circumscribed necrosis 
the testicle, with more less formation fibrous tissue, but tumor 
growth. one experiment tumor nodules were produced. the successful 
experiment two rats developed tumor nodules the size small shot, just beneath 
the tunica the testis and penetrating between the tubules. was only the 
periphery the nodule that preserved, multiplying tumor cells, lying fibrous 
stroma, were observed. The centers even these small nodules were necrotic, 
and consisted partly degenerated tubular elements.” 

view this report and view the ease with which rat 
sarcoma grows when transplanted into the testicle, seemed that 
the phenomenon described Flexner and Jobling might offer 
method study the local reactivity the host inoculation 
cancer. The first requisite was repeat the experiments suf- 
ficiently large number animals exclude the possibility 
that the failure growth the testicle was due the fact that 
the selected animals were generally resistant the growth this 
tumor. Then the resistance should appear purely 
local nature, the next problem that presented itself was see 
whether local conditions could not created within the testicle, 
which would make more adaptable the growth the tumor. 


INOCULATION INTO THE NORMAL TESTICLE. 

The experiment was repeated forty animals. half the ani- 
mals, emulsion the tumor was injected into the testicle, and 
the other half, piece the tumor was placed the center 
the testicle means trocar needle. only one the forty 
animals was growth the tumor observed. 

All the testicles were examined microscopically. the unsuc- 
cessful experiments, six testicles presented normal appearance. 
But small region, apparently where the tumor was placed, 
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there was noticed new connective tissue formation surrounding 
the tubules, the cellular elements which appeared perfectly 
normal. six more testicles, the connective tissue formation was 
more extensive, and some tubules the spermatozoa-forming 
cells either completely disappeared were greatly changed, but 
the Sertoli cells appeared quite normal. the majority the 
tubules, however, there was abnormality noticed. The 
other twenty-seven testicles which the inoculation did not suc- 
ceed seemed have undergone the condition coagulative ne- 
crosis without any formation reactive inflammatory connective 
tissue. The tunica albuginea and the fibrous part the tubular 
membranes were preserved, but all the cellular elements were 
changed into amorphous mass coagulative necrosis. 

must noted here for the understanding the descriptions 
that follow, that the parenchyma the normal testicle the rat 
consists with hardly any indication interstitial 
connective tissue. The microscopical picture the testicle 
which there was growth the tumor, resembled the condition 
found Flexner and Jobling. The tumor nodule was situated 
near the tunica albuginea, and there was extensive inflammatory 
connective tissue formation between all the tubules. The cellular 
elements nearly all the tubules underwent more less deep 
alteration, and the tubules immediately adjoining the tumor growth 
were the state coagulative necrosis described above. 

The results this series experiments show clearly that the 
failure the tumor grow the testicle not due general 
refractory state the organism the rat. Thirty-nine out 
forty animals cannot resistant this tumor, because, upon sub- 
cutaneous inoculation, the tumor grows least per cent. 
the animals used. Nor general characteristic the testicle 
not allow the growth inoculable tumor, since, stated 
above, rat sarcoma grows well the testicle. Experiments 
the writer with inoculation mouse carcinoma the testicle were 
also successful. The resistance the testicle the growth 
this rat tumor must due then certain interaction between 
the inoculated cancer cells and the parenchyma the testicle. 
The nature this interaction will discussed later. 
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The next step this investigation consisted 
change the condition the testicular parenchyma previous the 
inoculation the tumor. 


TESTICLES TREATED WITH SCHARLACH-R OIL. 


Fischer (5), 1906, succeeded inducing extensive pro- 
liferation epithelial cells the skin rabbit’s ear sub- 
cutaneous injection oil containing Scharlach-R, fat-staining 
substance. The results were confirmed several other 
gators. The investigations the writer (6) showed that 
white rat Scharlach-R oil, upon injection into the subcutaneous 
tissue the parenchyma the breast, induces profuse prolifera- 
tion connective tissue cells. Ribbert and his: followers, has 
been stated, contend that certain proliferating activity the 
connective tissue primary etiological factor the formation 
cancer. seemed advisable, therefore, investigate whether 
injection Scharlach-R oil the testicle would increase the 
inoculability the Flexner-Jobling carcinoma into the organ. 

The experiment was repeated thirty-two rats. Two 
Scharlach-R oil were injected into the center the testicle 
the aid hypodermic syringe. Only one testicle was 
treated each animal. Six days later the tumor was inoculated 
into the same testicle. Growth the tumor was observed nine 
testicles, per cent. the experiments. 

All the thirty-two testicles treated were subjected micro- 
scopic examination. Sixteen testicles presented condition 
coagulative necrosis without any connective tissue reaction identical 
with the appearance the normal testicles inoculated with the 
tumor. Not one these testicles was there growth the 
tumor. The remaining sixteen testicles showed extensive in- 
flammatory connective tissue formation between the tubules, while 
the cellular elements the latter presented conditions varying from 
normal different degrees changes the cells, 
complete coagulative necrosis all the cells the tubules. 
these sixteen testicles, nine showed tumor growth, and, what was 
most significant, the tumor grew the testicles where the degener- 
ation the parenchymatous cells was most pronounced. Usually 
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the tubules surrounding the growing tumor were coag- 
ulative necrosis. 

Figure shows this condition the tubules surrounding early 
growth the tumor. Figures and show the appearance 
the tubules testicle which there was extensive interstitial con-. 
nective tissue growth, but which the tumor did not grow. 

The results this series experiments indicate that the suc- 
cess the inoculation the tumor treated testicle depends. 
upon two factors: (1) the newly formed connective tissue, and 
(2) the degeneration the parenchymatous cells the tubules. 
priori, seemed probable that the success the inoculation 
could increased still more other methods. 


TESTICLES TREATED WITH ETHER. 


Askanazy (7), his studies the growth inoculated embry- 
onal tissue, maintained that addition per cent. mixture 
sulphuric ether water enhances the growth. Since the writer has 
shown previously that all methods that induce proliferation cells 
the white rat usually act connective tissue, appeared ad- 


visable investigate whether preliminary treatment testicle. 


with ether water will render more susceptible the growth 
the Flexner-Jobling carcinoma. The experiment was repeated 
twenty rats. Three millimeters per cent. mixture sul- 
phuric ether water were injected means hypodermic 
syringe into the center the testicle. Forty-eight hours later the 
tumor was inoculated into the same testicle. Growth was observed 
thirteen testicles, per cent. the experiments. 

The microscopic examination showed only four testicles 
condition coagulative necrosis without any connective tissue 
reaction. These four testicles showed uniformly absence the 
tumor growth. The remaining sixteen testicles showed ex- 


tensive inflammatory connective tissue formation between the tu- 


bules, and varying degree degeneration the cellular elements 
the latter. The degeneration and necrosis the cells the 
tubules were much more marked these testicles than the testi- 
cles treated with Scharlach-R oil. 


This difference the results after the treatment with the 
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substances could actually expected priori. Ether cellular 
poison and must injure the cells the tubules. The connective 
tissue probably formed subsequently under the influence the 
degenerated tubular cells. Scharlach-R, the other hand, not 
poison and probably induces primarily the proliferation con- 
nective tissue between the tubules. The connective tissue subse- 
quently injures, certain degree, the tubular cells. the six- 
teen testicles that showed both connective tissue formation and 
degeneration the tubular cells, thirteen presented growth 
the tumor. Again the tubules adjacent the tumor growth 
showed the most marked alteration. 


DISCUSSION. 


general analysis the experiments shows that the normal 
testicle the white rat resistant the growth the Flexner- 
Jobling carcinoma, while the rest the organism the same 
animal may susceptible the growth the same tumor. The 
proof this assertion may found the fact that thirty-nine 
rats out forty resisted the intratesticular while, with 
subcutaneous inoculation, the tumor would have grown 
least thirty-two animals. Another instructive proof shown 
figure represents testicle that was treated with Scharlach- 
oil and underwent the process coagulative necrosis without 
any connective tissue formation. The tumor did not grow the 
testicle. During the inoculation, the needle injured the tunica 
albuginea and lodged few tumor cells there. The tumor grew 
within the connective tissue the tunica. 

The failure the growth this tumor the testicle not due 
general condition the organism, but local action the 
testicle the tumor cells. Nor due the mechanical in- 
fluence the tunica interfering with the expansion the organ 
the growing tumor, nor the lack nutrition. Investigations 
the writer (8) have shown that other inoculable tumors grow per- 
fectly well the testicle generally susceptible animal. The 
mechanism this local can due only inhibitory 
action upon the tumor cells the tubular cells, aided probably 
the product cellular metabolism. The connective tissue found 
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twelve the normal testicles inoculated was apparently formed 
subsequently the destruction the cancer cells, the latter acting 
foreign body. The same mechanism was described the 
writer the inoculation the sarcoma into the testicle gener- 
ally resistant animal. the twelve testicles which the connec- 
tive tissue was formed and growth the tumor took place, the 
tubular elements appeared fairly normal. the one normal 
testicle which the tumor grew, there was noticed very exten- 
sive connective tissue formation, but also marked degeneration and 
necrosis the tubular cells. Apparently, this testicle some 
other agent injurious the cells the testicle 
was introduced with the tumor, and the testicle cells became ab- 
normal before their inhibition the tumor cells became effective. 

The coagulative necrosis the whole testicle without any con- 
nective tissue formation, noticed many testicles which the 
tumor did not grow, due fault the technique. 
the first place, all the writer’s previous experiments with in- 
oculation different tumors both resistant and susceptible ani- 
mals, this condition was never observed. Further, the experi- 
ments with treated testicles, ether water, which gave the greatest 
number successful inoculations, also gave the least number 
testicles showing complete coagulative necrosis. This condition 
can possibly explained the fact that the Flexner-Jobling tumor 
always undergoes very extensive coagulative necrosis. When the 
whole graft destroyed the testicle cell, the former becomes 
necrotic and then probably affects the same manner the paren- 
chyma the testicle. 

This investigation shows also that possible render the 
same testicle artificially susceptible the growth the tumor. 
Such testicle the extent and character the newly formed 
connective tissue, resembles the precancerous the tissues 
surrounding early growth cancer, which was described 
Ribbert, Borrmann Bonney (10), and others. But the pres- 
ent experiments also show that the newly formed connective tissue 
the testicle not capable alone rendering the organ susceptible 
the growth the carcinoma. The tumor grows only when 
simultaneously the parenchymatous cells the organ become de- 
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generated and unable inhibit the cancer cells. true that the 
tumor does not grow testicle which all the parenchyma 
necrotic and connective tissue formed, but there the failure 
growth due purely lack nutrition. testicle treated 
with Scharlach-R oil may contain great amount connective 
tissue, but the cells the tubules are fairly well preserved the 
tumor cells fail proliferate. must understood, however, 
that this true only for the early stages the growth. the 
inoculated tumor cells are placed near necrotic tubules and the 
growth the tumor advances, then the latter enabled replace 
normal tubules well the sarcoma described the writer does. 
Figure illustrates such condition. The testicle nearly all re- 
placed the tumor, and only the periphery tubules are seen that 
appear quite normal. 

Thus, the mechanism which resistant testicle rendered 
susceptible cancer growth consists the impairment the in- 
hibitory action the parenchymatous cells the cancer cells. 
The connective tissue secondary formation unspecific 
nature, maintained the writer (2) his previous investiga- 
tions, and serves only for the nutrition and support the cancer 
cells. 

has been indicated above that the Flexner-Jobling carcinoma 
the white rat resembles very closely human cancer. testicle 
rendered susceptible the growth this tumor resembles still 
more closely the “precancerous stage” adjacent the early 
stages cancer growth described human tissues. seems 
proper suppose analogy that human pathology also the 
process the beginning cancer growth consists the degener- 
ation and loss inhibitory powers the parenchymatous cells 
adjacent the groups cancer cells. The abnormality the 
parenchymatous cells may slight escape notice. The 
changes the connective tissues may also only secondary, unless, 
the case epithelioma the skin, which was extensively 
studied, the subepithelial connective tissue represents the nearest 
affected parenchyma. 

Growth cancer, then, presents loss equilibrium between 
the inhibitory power the parenchymatous cells and the prolifer- 
ating power the cancer cells. 
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will require further study decide whether the same cause 
that injures the parenchymatous cells the same time frees the 
proliferating power other previously normal cells, adherents 
Ribbert believe, whether the causes for the two phenomena 
are different. 

The value the present investigation consists the fact that 
presents the first experimental proof the existence local 
“precancerous stage.” also shows that there are still many 
points the etiology cancer which will possible eluci- 
date through animal experimentation. 
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EXPLANATION PLATES. 


PLATE 23. 

Fic. Two groups cancer cells surrounded tubules the state 
coagulative necrosis. (Low magnification.) 

Fic. testicle treated with Scharlach-R oil, which the tumor did not 
grow. There extensive interstitial connective tissue formation and great 
many newly formed blood-vessels. The tubules show the Sertoli cells fairly well 
preserved. There are apparently normal spermatozoa-forming cells. (Low 
magnification. 

PLATE 24. 

Fic. The same condition figure the right the drawing 
seen tubule; the left, newly formed connective tissue; further the left, 
blood-vessel. (High magnification.) 

Fic. tumor growth testicle treated with ether water. 
Tubules, fair state preservation, are seen within and below the tumor 
mass. (Low magnification.) 

PLATE 25. 

Fic. The upper right side the drawing shows testicle state 
coagulative necrosis. The lower left side shows the tumor growing the tunica 
albuginea. There was growth the parenchyma the testicle. (Low 
magnification. 


THE PRESSOR INFLUENCE AUGMENTED 
BREATHING.*? 


(From the Physiological Laboratory the University Michigan, Ann Arbor, 
Michigan.) 


26-28. 


INTRODUCTION. 


During the course certain experiments, one observed 
that stimulation the central end the divided vagus with weak 
current caused the dog pronounced rise pressure, provided 
that the dog was under artificial respiration just sufficient cause 


apnea (figure A). If, however, the nerve was similarly stimu- 


lated animal breathing naturally fall pressure ensued. 
Occasionally this was the only reaction, but more frequently was 
followed secondary rise (figure D). Critical exami- 
nation showed that the pressure the latter case began fall 
the precise moment when respiration had ceased passive expira- 
tion, synchronism suggesting that the fall was attributable the 
removal the mechanical respiratory influence which aids sus- 
taining the blood pressure. 

Again, was observed that prompt recovery normal 
above took place atropinized dogs, those with cut vagi, 
the blood pressure was reduced nitroglycerin bleeding 
such degree that hyperpnea followed. the other hand, under 
curare and artificial respiration, the recovery from nitroglycerin 
hemorrhage was much slower and less complete, the pressure 
never rising quite the normal level. The prompt recovery and 

*The word “pressor” has, common usage, become exclusively identified 
physiological literature with arterial blood pressures, that the phrase pressor 


has been employed this article preference the less expressive 
synonym, sustaining” “pressure raising” influence. 
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rise pressure above normal the former cases were clearly 
associated with accentuated breathing, and were not observed when 
artificial respiration was employed. 

Finally, has repeatedly come our attention that after large 
losses blood, the pressure was maintained sufficiently high 
insure life long each withdrawal blood was followed in- 
creasingly dyspneic breathing. these animals were left (in some 
instances for three hours) this state continued dyspnea, 
did not produce superimposed shock with further fall pres- 
sure and death. the contrary, the pressure rose slowly and the 
condition the animal improved. was found, however, that 
these cases prompt fall pressure, resulting shortly death, 
could induced causing even brief cessation respiration 
either small dose morphin stimulation the central 
end the vagus. 

These experiments indicated that augmented breathing through 
mechanical means increases the arterial pressure, and must, there- 
fore, regarded one the pressor mechanisms,—a mechanism 
that accessory when blood pressure normal, but necessary and 
compensatory the pressure low. 


THE AVERAGE PULSE PRESSURE CRITERION THE PRESSOR 
VALUE RESPIRATION. 


Any influence that the mechanical movements respiration 
exerts the arterial pressure must operate modifying either the 
systolic output the rate ejection. first thought, seems, 
therefore, that the most satisfactory method attacking the prob- 
lem would consist the application cardiometer, and, after 
restoration natural respiration, recording the variations the 
systolic output. Such method has, however, several drawbacks. 
The absence the effect intrathoracic pressure variations 
ventricular relaxation, the encroachment upon the intrathoracic 
space, the shock and hemorrhage, even small, which attend the 
operation, render such experiments undesirable. still more im- 
portant drawback the cardiometric method appears the fact 
that the amount that the cardiac contraction contributes the 
maintenance pressure measured not only the amount 
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blood ejected per beat, but dependent also upon the velocity 
discharge, combination factors often incorporated jointly 
the phrase “force” “strength” the heart. Experiments 
indicate, however, that the pulse pressure possess measure 
these combined factors, especially when peripheral resistance 
changes can controlled. Hence, propose make the average 
pulse pressure during various types breathing the quantitative 
standard for determining how much the respiration mechanically 
contributes the maintenance arterial pressure. Before pro- 
ceeding farther, however, necessary explain our conception 
pulse pressures and the method adopted for their registration. 
Pulse Pressure; Its Meaning and pressure 
designates the difference pressure “during single pulse 
(von Recklinghausen (1)), and “produced beat the 
heart” (Erlanger (2)). adhere exactly this definition and 
consequently take the position that the pulse pressure cannot 
recorded maximal and minimal valved manometers. The mech- 
anism their action alone precludes their use studying pulse 


Curve illustrating the difference between the systolic and 
maximal, and diastolic and minimal pressures. 


pressure variations occurring during consecutive heart beats. 
instruments not record the highest and lowest pressures during 
the interval occupied single cardiac cycle. fact, only 
after considerable time interval, the length depending upon their 
sensitiveness, that they fail respond wave the respiratory 
variations. When they cease oscillating, the maximal-minimal dif- 
ference pressure can clearly determined. This, however, 
does not represent the pulse pressure the meaning which the 
word should properly restricted. variations pressure 
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during each cardiac beat alter during each respiratory phase. That 
this more than theoretical assumption may illustrated 
diagrammatic fashion figures obtained with the apparatus pres- 
ently described. shown text-figure the systolic pres- 
sure experiment varied from 162 142 millimeters, the dias- 
tolic pressure from and millimeters. Maximal and minimal 
valved manometers recorded maximal pressure 162 millimeters, 
and minimal pressure other words, the highest 
systolic and the lowest diastolic pressures. Obviously, the differ- 
ence pressure millimeters did not occur during any cardiac 
cycle. Hence the desirability differentiating physiological 
literature between the maximal-minimal pressure difference and the 
actual pulse pressures; for unless this done, cannot make 
quantitative comparisons between cardiac output and pulse pres- 
sure, nor judge cardiac conditions pulse pressure determinations. 
therefore became necessary utilize membrane spring ma- 
nometers study pulse pressure variations. 

The critical arguments and experimental work Fick (3), 
(4), Porter (5), and Frank (6), have brought out the 
fact that the forms elastic manometers common use are not 
free from technical errors, many which may greatly mini- 
mized but not entirely obviated. the case those instruments 
registering with ponderable levers smoked surfaces, attention 
construction with small chambers and relatively short yet wide 
connections and equipment with relatively short light levers may 
reduce the inertia and momentum the movable mass, and suitable 
damping may check velocity changes. adapting the damping 
the particular condition each experiment, however, practical 
difficulty arises. Porter, studying the great and rapid varia- 
tions intraventricular pressures, states the limitations precisely. 
“Tf the manometer too little damped, the upstroke will rise above 
the maximum. appears, then, that when the friction 
fluid the manometer and connecting tubes slight, certain 
degree damping necessary order render correctly the 
height the ventricular upstroke.” While damping thus bene- 
ficial far the upstroke concerned, the same time dis- 
advantageous; for, Porter points out, apparatuses whose 
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internal friction great that errors the height the up- 
stroke are slight wanting cannot write the sub-abscissal curve 
correctly. The height the upstroke and the depth the negative 
pressure cannot correctly given the same curve.” 

While this tendency error thus clearly recognized the 
case intraventricular pressure changes, commonly held that 
the variations arterial pressure are neither rapid nor extreme, 
but that the degree damping can adjusted that both the 
systolic and diastolic pressures are accurately depicted. 

not our purpose here controvert this idea general 
sense, but merely record our experience that many cases 
were unable introduce fine degree damping between 
blood-vessel and instrument that both the highest systolic and the 
lowest diastolic pressures corresponded, they should theoretically, 
with the maximum and minimum pressures valved manometers. 
This fact rendered the quantitative use these instruments often 
inaccurate. 

further complication was introduced our experiments where 
the velocity imparted the fluid the manometer column changed. 
these cases, became necessary frequently readapt the damp- 
ing order obtain correspondence the highest systolic pres- 
sure with the maximal pressure valved manometers. obviate 
these difficulties and yet employ instruments recording 
smoked surfaces, was determined register the systolic and 
diastolic pressures separate membrane manometers, the damping 
each being controlled maximum minimum valve. This 
principle was later embodied instrument whose sole purpose 
record accurately the extremes pressure during each cardiac 
cycle, without regard the shape contour these changes. 

Description the 2.) The pressure changes trans- 
mitted the fluid the receiving tube may directly transmitted through 
stopcocks and and B’, two small capsules and closing 
stopcocks and however, the pressure transmitted capsule only 
passing through maximal valve, and capsule only after passing through 


similar minimal valve contained the valve chamber The design the 
valves and their arrangement indicated the small drawing the left 


more detailed description the instrument together with the physical 
tests its efficacy reserved for future communication. 
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figure The valves are light, weighing 0.9 gram, and secure closure 
obtained small circlet rubber dam applied the lower surface the 
horizontal each valve. The lower (minimal) valve may reached 
removing screw cap from the lateral opening; the maximal and upper 
valve becomes accessible through screw cap top. 

After the apparatus has been filled with fluid, capsule covered with 
rubber membrane under moderate tension e., stretched approximately one 
and one fourth its original size), upon which small aluminum disc 
cemented that transmits its membrane movements through ball 
joint light bamboo lever tipped with paper pointer. The lever further 
equipped with light hair spring which may adjusted either just counter- 
balance the lever aid the upward movement some extent. will 
noticed that this tambour, designated systolic, calculated secure rapid 
and complete upward movement the lever and record true systolic pres- 
sure. the upward swing the lever becomes excessive, the system may 
damped through stopcock 

Over capsule slightly heavier membrane applied under greater 
tension (stretched approximately one and half times its original size, and 
upon likewise fastened disc actuating bamboo lever. This lever 
supplied with hair spring adjusted that aids, varying degrees, the 
downward movement the lever. this case the object obtain rapid 
and complete downward movement. Any tendency extreme may remedied 
adjustment the spring and damping stopcock 

The instrument calibrated against mercury manometer the customary 
manner, and attached the carotid artery lead tubing with heavy rubber 

During experiment, the instrument operated the following manner. 
Stopcocks and are closed, allowing the maximal pressure level 
recorded for mm. the upper lever, and the minimal pressure level the 
lower lever. The drum then stopped, occasionally even turned back, and stop- 
cocks and are opened. adjustment the spring tension and appro- 
priate damping stopcocks and the writing points are arranged that 
the case the upper lever, the highest systolic pressure occurring during 
respiratory phase coincides exactly with the maximal pressure line, while the 
case the lower lever, the lowest diastolic pressure corresponds with the 
minimal line. This procedure, which speedily carried out, repeated from 
time time, experimental conditions change, and readjustment can then 
readily made (figure 5). 

applying the calibration scale the shellaced record, the actual systolic 
and diastolic pressures during each heart beat can calculated with accuracy 
and true pulse pressures determined. Furthermore, possible obtain the 
average series such pulse pressures (usually ten), and thus determine 
the average pulse pressure. propose utilize the average pulse pressure 
estimating the pressor influence respiratory movements arterial pressure. 


summarize, employ the following terms qualify pulse 
pressures. The pressure variations during each cardiac cycle 
speak the actual pulse pressure. This actual pulse pressure 
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varies during each respiratory cycle. average these varia- 
tions designate the average pulse pressure. The extreme 
variations represent the pressure difference. 


THE INFLUENCE NORMAL BREATHING PULSE PRESSURE 
VARIATIONS. 


Quiet, natural breathing the dog may divided into three 
stage cycle: active inspiration, passive expiration, and short period 
expiratory quiet. Hence, some idea the mechanical influence 
normal breathing the pulse pressure may obtained com- 
paring the pulse pressures during the active stages with those during 
expiratory quiet, provided, course, that respiratory variations 
the rate the heart are eliminated atropin. 

When variations the heart rate were absent, was observed 
these experiments that the pulse pressure was greatest early ex- 
piration and only exceptionally began augment the last beat 
inspiration (Wiggers (12)). 

These results indicate that the inspiratory rise mean blood 
pressure, characteristic large share pressure tracings 
the dog, clearly, Henderson (7) and Lewis (8) maintain, the 
result increased heart rate and, not contributed the 
mechanical influence respiration. The continued rise which 
holds over into expiration, the other hand, probably entirely 
due this mechanical influence. 

the following table are recorded actual pulse pressures occur- 
ring during these stages quiet breathing. addition, the table 
shows, for comparison, figures for the average pulse pressure 
the quotient obtained dividing the sum ten consecutive pulse 
pressures that figure), the maximal-minimal pressure difference, 
and, some cases, values for clinical pulse pressures. The latter 
were obtained enclosing artery arteriograph similar 
that described Erlanger (2), and connecting this with clinical 
instrument. These data are interest much for their general 
physiological importance for the purpose for which they were 
originally compiled; namely, obtain some idea the influence 
exerted normal breathing the maintenance arterial pressure. 
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138 
156 
106 
198 
139 
120 


The following deductions may made from the experiments 
recorded this table: 

(1) The systolic pressure varied from millimeters during 
each respiratory cycle, average millimeters; the diastolic 


Dog with large goitre. The results are not included the averages. 
Dogs fed exclusively bread and water diet. 
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The actual pulse pressures varied from millimeters, aver- 
age millimeters. 

(2) number dogs fed exclusively bread and water 
diet, the systolic and diastolic pressures averaged much lower. 
Too few experiments were carried out, however, determine 
whether this relation between pulse pressures and diet was constant 
only casual one. These results show that the mechanical 
movements respiration act periodically increase the actual 
pulse pressure, and this way contribute the maintenance 
mean arterial pressure. 

(3) The maximal-minimal pressure difference varied from 
101 millimeters, and comparisons with the actual pulse pressures 
show that the value the latter ranged from per cent. 
the maximal-minimal pressure difference. Obviously, this pres- 
sure difference does not bear constant relation pulse pressures 
different animals. 

Since the maximal-minimal pressure difference and the actual 
pulse pressure values are different, considerable practical interest 
attached the relation which these values bear those given 
clinical instruments. Erlanger (2) has already shown that while 
the lowest pressure determined the greatest oscillations only 
trifle higher than the minimal pressure, the highest pressure, 
obtained palpating artery peripheral the bag, was consider- 
ably lower than that given maximum valved manometer. 
series supplementary experiments conducted manner simi- 
lar that used the results which are incorporated 
the above table “clinical pulse were able 
establish the relations the actual pressure variations follows: 

(1) The minimal pressure obtained the clinical method 
maximal oscillations corresponds reasonably well with the lowest 
diastolic minimal pressure. 

(2) The highest pressure estimated the return the pulse 
peripheral the compression the artery less than the lowest 
systolic pressure, and therefore much lower than the highest systolic 
maximum pressure. Neither different animals, nor under 
different conditions the same animal was the difference constant 
enough enable add definite corrective figures. Evidently 
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the compression just obliterating the pulse wave not sufficient 
occlude the vessel, but merely induces stenosis which converts the 
pulsating into continuous stream 


THE MECHANICAL INFLUENCE AUGMENTED BREATHING 
THE AVERAGE PULSE PRESSURES. 


Modified types breathing exert upon the average pulse pres- 
sure mechanical influence that may studied two ways. (1) 
The average pulse pressure during natural breathing may com- 
pared with that during augmented breathing, experimentally in- 
duced for short interval. this augmented breathing 
short duration, neither the heart, the gas content the blood, its 
circulating volume, nor the peripheral resistance have been appreci- 
ably affected, and thus may estimate the mechanical respiratory 
influence augmented respiration. (2) After augmented breath- 
ing due any cause, apnea may induced and continued for 
only short interval weak stimulation the central end the 
vagus. comparing the average pulse pressure obtained during 
augmented breathing with that obtained when the mechanical respi- 
ratory mechanism entirely eliminated, the pressor factor these 
movements may established (see page 188). 

The results these methods will now discussed. 

The Influence Simple Augmented Accelerated Breath- 
ing.—After making many experiments order find means 
causing simple increase rate without influence depth, 
found procedure which the influence increased depth and 
increased rate could studied singly and consecutive order. The 
method consisted slight compression the trachea lightly 
anesthetized dogs that for twenty thirty seconds inspiration 
and expiration were slightly impeded. This set reflex causing 
the rate respiration increase but little while the depth increased 
markedly. Immediately after compression had been removed, the 
depth promptly became normal, but the rate increased (figure 3). 
The actual and average pulse pressure during typical experiment 
may compared the following table. 
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hechidincy rate 22.5. Respira- Respiratory rate 22.5. Respira- Respiratory rate 36. Respira- 
tory depth 12 mm. tory depth 18.5 mm. tory depth 13 mm. 
Systolic Systolic Diastolic Systolic Diastolic 
pressure. pressure. pressure. pressure. pressure. pressure. 
Average 98.1 50.6 55-7 51.5 


Average 


53-7 51.5 
may deduce from these experiments that either increase 
depth rate respiration acts increase the average pulse 


pressure. The rapidity the change allows only mechanical 
interpretation. 


eu 


700 


Curve from experiment 456, showing the maximal-minimal 


pressure difference, and actual and average pulse pressures during (A) normal 
and (B) slow deep respiration. 


The Influence Slow Deep Breathing.—A decreased rate 
respiration associated with increased depth was produced 
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several ways. Section the vagi atropinized dogs was followed 
some cases respiration which was characteristically slow and 
deep, with long intervening pauses quiet expiration. typical 
effect plotted text-figure Comparison the actual and 
average pulse pressures shows that the latter has changed but 
trifle; 44.2 before, compared with 44.3 millimeters after section. 

Such results obtained all experiments this nature indicate 
that rate and depth respiration may each counteract the influence 
the other. interesting note passing that, although the 
average pulse pressure unchanged, the maximal-minimal pres- 
sure difference markedly increased; increase, course, en- 
tirely without significance except showing the inconstant relation 
pulse pressure and the maximal-minimal pressure difference. 

similar result was sometimes induced stimulating the cen- 
tral end the sciatic nerve although these cases the increase 
depth overbalanced the slowing and resulted slight increase 
the average pulse pressure. These results indicate that order for 
respiratory movements beneficial their effects the blood 
pressure, rate and depth should not counteract each other. This 
may, however, still more directly shown. 


Curve from experiment 466, showing the influence respira- 
tory rate the greatest and smallest pulse pressures. material change 
the heart rate. 


Accelerated and Augmented lightly anesthet- 
ized animals, little irritations, such are induced minor technical 
and operative procedures, cause hyperpneic breathing which has 
progressively increasing acceleration. The pulse pressure changes 


100] 
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such cases may followed from normal hyperpneic breathing 
vice versa. experiment July (text-figure 3), the 
respirations increased 200 per minute, result such stimula- 
tion, and gradually recovered per minute. With this decrease, 
the actual pulse pressure diminished, shown text-figure 
from millimeters without material change heart rate 
taking place. That the increase systolic and diastolic pressure 
the result the mechanical factors respiratory movements 
clearly indicated these instances the fact that when respirations 
cease entirely for short interval during central vagus stimulation, 
pronounced reduction the pulse pressure takes place. 

Forced Expiratory Dyspnea.—Stimulation the central end 
the divided sciatic nerve produces, most atropinized dogs, 
form augmented breathing characterized forced expira- 
tory movements addition increase the rate and depth. 
The effect the pulse pressure shown the following table. 


Normal breathing. Expiratory dyspnea. 
Systolic Diastolic Pulse Systolic Diastolic Pulse 
pressure, pressure, pressure. pressure. pressure. pressure, 
Average 81.4 44.4 37.0 85.3 49.6 35.7 


The slight reduction the average pulse pressure these cases 
indicated that when the element forced expiration added 
deep and rapid breathing, the pressor effect the latter neutral- 


often making the mechanical factor less rather than more 


effective. 

The tendency for forced expiration decrease pulse pressure 
was also illustrated when manual compression the chest was 
instituted dogs condition apnea. During each such 
compression, the pulse pressure was markedly reduced, coming 
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back normal rapidly the extra thoracic compression was 
removed (figure 4). 

Mechanical foregoing results indicate that 
augmented breathing increases the pulse pressure long the 
beneficial action increased depth and rate respiration not 
counteracted too active expiration. The relative influence 
exerted inspiration and expiration the pulse pressure may 
still further studied causing mechanical interference with the 
ingress egress air, thus bringing the mechanical energy 
largely spent filling and emptying the lungs bear greater 
extent upon the circulation. accomplish this, animals were 
allowed breathe through set valves that had little resistance. 
Resistance the flow air was created inserting rubber 
stopper with single hole into either the intake exit tube. 

Inspiratory changes actual pulse pressures, 
well the average pulse pressure before and during the height 
dyspnea typical experiment, were follows: 


Natural breathing. Inspiratory dyspnea. 

Systolic Diastolic Pulse Systolic Diastolic Pulse 
pressure, pressure, pressure. pressure, pressure, Pressure. 
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Expiratory Dyspnea.—The changes actual and average 
pulse pressures for typical experiment were follows: 


Natural breathing. Expiratory dyspnea. 

Systolic Diastolic Pulse Systolic Diastolic Pulse 
pressure. pressure, pressure, pressure, pressure. pressure 

Average 103 58.1 44.9 51.5 34.5 


quite evident from these mechanical experiments that when- 
ever the inspiratory force respiration exerted increased 
degree, the average pulse pressure increases, while the opposite 
effect induced the vascular system when the expiratory force 
exerted increased extent. 


AUGMENTED RESPIRATION COMPENSATORY FACTOR DURING 
LOW BLOOD PRESSURE. 


Having previously established the possibility that increased breath- 
ing may act mechanical pressor mechanism, began study 
the extent which this mechanism was involved conditions 
low pressure; whether, indeed, our suspicion seemed indicate, 
augmented breathing contributed more than normal breathing 
sustain the pressure. This was accomplished, have pointed 
out, obtaining the average pulse pressure during any form 
breathing and the average pulse pressure during apnea vagi. The 
difference between these actual pulse pressures was then expressed 
percentage terms the pulse pressure during apnea. Thus: 


Average pulse pressure Average pulse pressure Pulse pressure difference. 
(in any form breathing) (in apnea) 
Pulse pressure difference 


Average pulse pressure (during apnea) 
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This percentage figure, which will designated the respira- 
tory pressor factor, was compared the same animal during normal 
and augmented breathing brought low pressures. 


detail, the method experimentation was follows: dose atropin 
was first administered prevent subsequent variations heart rate due 
either the fall pressure reflex through central vagus stimulation. 
The left vagus was then divided and the smallest induced current sufficient 
cause cessation breathing quiet expiration for seconds was 
then determined. With this precaution, reflex vasomotor influences were en- 
tirely absent delayed for sufficiently long interval determine the purely 
mechanical effect respiration, was shown the following experiments. 
When the central end the vagus was thus stimulated with the threshold 
current, the effect the mean blood pressure was first sharp fall fol- 
lowed after seconds gradual rise (figure and D). (1) 
similar fall was obtained when the thoracic aorta was occluded clamp 
manipulated through the thoracic wall. (2) Organs like the kidney enclosed 
oncometer showed only decrease size during the fall pressure. (3) 
several cases when withdrawal the stimulation was not followed immediately 
recurrence breathing, the pressure continued drop after the with- 
drawal until the first respiratory gasp. 

order obtain fall pressure which, through anemia the medullary 
center, should induce accentuated breathing, either dose nitroglycerin 
was injected, quantity blood equal per cent. the animal’s 
weight was withdrawn. 


Hyperpnea Following one experiment (June 
24th) the animal was breathing rate per minute, with 


depth millimeters. The following systolic and diastolic pres- 
sures were obtained before and after the induction apnea. 


Natural breathing. Apnea. 


Systolic Diastolic pres- Pulse Systolic Diastolic Pulse 

pressure, sure. pressure, pressure, pressure, pressure, 

Average 91.3 44.3 88.4 38.9 49.5 


this case, which proved exceptional, the pulse 
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during apnea showed actual increase from 47.0 49.5 milli- 
meters. Within three minutes after these data were obtained, 
grams nitroglycerin were administered. When the pressure 
was its lowest, the following figures were obtained with the ac- 
centuated breathing and during apnea. 


Nitroglycerin hyperpnea. Apnea. 


Systolic Diastolic Pulse Systolic Diastolic Pulse 
pressure. pressure, pressure, pressure. pressure. pressure, 
Average 85.7 20.7 81.5 20.5 


This shows reduction pulse pressure millimeters during 
apnea. figuring the proportion 61:4::100:X, the respiratory 
pressor factor 6.5 obtained. similar manner, the figures 
were determined other cases and incorporated the following 
table. 


Pulse pressure mm. Pulse pressure mm. 
Natural factor. Nitroglycerin factor. 
breathing. Apnea vagi. Apnea. 
444 87.2 87.0 0.23 89.7 2.4 
445 54.4 50.2 —4.2 8.40 58.0 44.3 23.6 
446 22.0 18.6 —3.4 18.30 17.8 3.7 27.8 
448 65.3 62.7 4.10 62.2 57.2 5.0 8.7 
450 44.7 48.5 +3.8 46.3 17.5 
37:0 36.5 0.13 42.0 6.4 17.9 
22.9 18.9 21.00 89.4 


comparison the respiratory pressor factors during normal 
and hyperpneic breathing shows that, without exception, apnea 
causes greater percentage reduction pulse pressure during con- 
ditions low pressure and dyspnea, than when breathing and pres- 
sure have previously been normal. Analysis the tracings them- 
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selves shows additional features which support the idea that the aug- 
mented breathing acts compensatory mechanism. apnea vagi 
induced when the pressure just begins recover from the fall 
after nitroglycerin, further additional reduction supervenes, and 
the pressure can maintained low level for seconds. 
With the first respiratory movement following, however, marked 
increase the pressure occurs and this continues toward normal 
(figure 5). 

Augmented Breathing Due Hemorrhage.—Having previously 
determined the actual reduction pulse pressure induction 
apnea, and having determined the respiratory pressor factor 
before outlined, the animals were bled from femoral artery such 
degree that hyperpnea dyspnea shortly supervened. Either dur- 
ing the continuance the bleeding while the pressure was yet 
low, apnea vagi was produced and the pressor factor again deter- 
mined. This was also repeated about fifteen twenty-five minutes 
after the loss blood, when compensatory rise pressure had 
taken place, but when augmented breathing was still present. The 
details one experiment will given. 


Experiment 24, 1911. 2:00 Respiration, 30. Depth, mm. 
Mean pressure, 121 mm. Average pulse pressure, mm. After apnea, 47.5 
mm. Respiratory pressor factor, negative. 

2:30 After recovery from nitroglycerin (see page 189). Respiration, 
40. Mean pressure, 81. Average pulse pressure, mm. After 
apnea, 58.3. Respiratory pressor factor, 1.17. 

2:32 Hemorrhage, 250 c.c. Respiratory rate, 30. Depth, mm. 
After apnea, mm. 

2:35 Average pulse pressure, mm. After apnea, mm. Respira- 
tory pressor factor, 42.8. 

2:50 Compensatory recovery pressure mean 36. Respira- 
tion, 30. Depth, mm. Average pulse pressure, 269 mm. After apnea, 23.5 
mm. Respiratory pressor factor, 14.4. 

3:36 Expiratory dyspnea present, rate 35. Depth, mm. Average 
pulse pressure, After apnea, 36.2. Respiratory pressor factor, 13.5. 

3:40 Hemorrhage, c.c. Respiration decreased normal; rate, 25. 
Depth, mm. Mean pressure, mm. Average pulse pressure, After 
apnea, Respiratory pressor factor, 8.9. 

3:50 Death. 
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Natural breathing. Hemorrhagic hyperpnea Post-hemorrhagic hyperpnea (com- 
(pressure low). pensatory recovery pressure). 
vo 
Pulse pressure. Pulse pressure. Respiratory| Pulse pressure. 
ressor ressor pressor 
& | Breath- P 3 | 
ing, Apnea. factor. Breathing. Apnea.| Breathing. Apnea.| 
444 87.2 87.0 0.23 26.0 59.0 50.0 18.0 
446 22.0 18.6 18.8 0.75 
447 53.2 51.0 38.0 36.3 4.7 58.0 55-0 54.0 
448 65.3 62.7 4.1 42.0 39.6 6.0 36.0 
450 44.7 48.5 None 23.2 20.0 16.0 40.0 36.3 
Hemorrhagic dyspnea; Post-hemorrhagic 
Natural breathing. forced expiration. dyspnea. 
445 55.0 50.2 8.4 27.0 24.9 8.8 30.2 None 
462 22.9 18.9 39.8 36.9 


This and other experiments incorporated the above table lead 
the conclusion that augmented breathing, long expiratory 
dyspnea not developed pronounced extent, true com- 
pensatory mechanism conditions low blood pressure, for the 
reason that the respiratory pressor factor increases markedly. 


PHYSIOLOGICAL IMPORTANCE THE RESULTS. 


The view that the mechanical movements respiration act 
periodically increase the arterial pressure during inspiration has 
for long time been almost universally held physiologists (de 
Jager (10), and Tigerstedt (11)). Recently, however, Henderson 
(7) has laid down principle the uniformity the heart’s action, 
that has its basis the idea absolute determination the 
ventricular filling and output the cardiac rate. This writer has, 
therefore, held that the increase arterial pressure during inspira- 
tion could only attributed increase the heart rate. 

Although able confirm the fundamental portion Henderson’s 
results, one (Wiggers (12)) has, nevertheless, recently in- 
sisted upon the necessity applying certain limitations this 
doctrine, for was found that, when the venous supply the heart 
became diminished after hemorrhage and variation heart rate 
took place, respiration caused appreciable increase the rate 
ventricular filling early expiration and consequently the sys- 
tolic output. Our results normally breathing animals can in- 
terpreted only assuming that the mechanical influence respira- 


‘a 
A 
4 
a 
4 
4 
a 


Wiggers, Eberly, and Wenner, Jr. 193 


tion the rate ventricular filling during diastole cannot 
ignored that, fact, distorts the filling the ventricles that 
the curves during inspiration and expiration are longer super- 
imposable. Thus, believe, that while the early rise arterial 
pressure during inspiration attributable increase cardiac 
rate, the rise occurring late inspiration and holding over into 
early expiration caused entirely the mechanical respiratory 
influences. 

The results this investigation not only corroborate the fact 
that normal respiration contributes share the maintenance 
the level arterial pressure, but shows that when this same mechan- 
ical mechanism present augmented breathing should 
added the compensatory mechanisms already recognized re- 
sponsible for the recovery from states low pressure (i. acceler- 
ation the heart, increased peripheral resistance, lymph resorption, 

has been demonstrated repeatedly that excessive artificial 
respiration causes failure natural respiratory movements, 
acceleration the heart, and fall pressure. Henderson (13), 
having shown that these symptoms have causal relation the 
induction acapnia, carried out further experiments showing that 
the hyperpnea following excessive pain gives rise, upon cessation 
peripheral irritation, apnea which may become fatal, 
which leads condition shock. The question, therefore, arises 
whether the augmented breathing following conditions low pres- 
sures can, maintained, induce acapnia and make the 
end beneficial mechanical influence detrimental through chemical 
changes. priori grounds alone, this may answered the 
negative, for these cases respiration strives merely maintain 
the gases the blood and tissues their normal levels. The result- 
ing hyperpnea Henderson calls distinguishing care- 
fully from have found, moreover, 
animals anesthetized with chloretone only (morphin being avoided), 
that prolonged stimulation the sciatic nerve (20 minutes) 
followed only rarely apnea animals that have been bled, and 
that this apnea only few seconds’ duration and never fatal 
itself. 


= 

| 


194 Pressor Influence Augmented Breathing. 


conclude, therefore, that the beneficial mechanical influence 
augmented breathing induced low blood pressure far outweighs. 
the deleterious chemical tendency toward acapnia and shock. 

The question the beneficial deleterious influence 
augmented breathing conditions low pressure more than 
academic interest, involving, does, the treatment augmented 
breathing. augmented breathing the whole beneficial and 
compensatory nature, apparently the case 
then any procedure tending abolish hyperpnea contra-indicated. 
refer especially the routine employment morphin all 
forms hemorrhage. briefly recount again our experience 
with this drug during experimental work hemorrhage; namely, 
that given anesthetic the animal before bleeding, 
prevents the onset augmented breathing. given during aug- 
mented breathing, there either decrease the amplitude the 
breathing, apnea occurs with fall pressure often resulting 
death (figure 6). view these results, more cautious use 
morphin hemorrhage seems strongly indicated; for the two 
effects dyspnea, the mechanical and the chemical, the former, 
which have shown compensatory, more vital im- 
portance than the latter, which tends produce acapnia. 
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EXPLANATION PLATES. 


the original records, the contrast between the black and white not 
nearly great that shown the reproductions. The reproductions give 
the impression that the levers wrote with great friction heavily blackened 
drums, which not the case. 


PLATE 


Fic. records from experiment 461, taken within four minutes, from 
the same dog, and showing the varied effect stimulating the central end 
the vagus. 


respiration and apnea; weak current. The rise due solely 
reflex vasoconstriction. 

respiration; the same weak current. The fall from 
due the removal the normal respiratory influence; breathing began 

respiration; very weak current. The fall from due 
the removal the respiratory influence; the slight rise from due 
reflex vasoconstriction just over-balancing the respiratory fall; from 
respirations occasionally break through with this very weak current. 

D=normal respiration; stronger current. The fall from due 
cessation respiration; from the effect respiration neutralized and 
overbalanced reflex vasoconstriction; from the rise counteracted 
slowing heart; respiration begins, causing further increase. 

Fic. Pulse pressure apparatus. (For description see 178.) 
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PLATE 27. 


Fic. portion the tracing from experiment 455. 
(downstroke inspiration); pressure; diastolic pressure; 
pressure. and callibration for systolic and diastolic pres- 
sures maximal and minimal valves; relative position pointers. 

Fic. Tracing from experiment 465, showing the influence manual 
compression the thorax and its effect systolic and diastolic (D) 
pressures. 
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PLATE 28. 


Fic. Tracing from experiment 454, showing the effect nitroglycerin 
systolic pressure (S), diastolic pressure (D), and respiration (R). 
and the pulse pressure instrument was tested for correct maximal and 
minimal pressures. and show the effect apnea systolic and diastolic 
pressures. 

Fic. curve from experiment 454, showing the effect morphin sul- 
phate during augmented breathing following hemorrhage systolic (S) and 
diastolic pressures. shows the relative position the levers. 
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MORPHOLOGICAL AND PATHOGENIC VARIATIONS 
TREPONEMA PALLIDUM.* 


HIDEYO NOGUCHI, M.D. 


(From the Laboratories The Rockefeller Institute for Medical Research, 
New York.) 


PLATE 29. 


Now that Treponema pallidum can cultivated artificially, 
becomes readily possible consider the question differences 
strain among the species that may amount racial variations. 
Many observers have doubtless noted differences the morphology 
the pallida living and dead film preparations and possibly even 
stained tissue specimens. would scarcely possible divide 
the species into strains the basis such superficial 
but now that artificial cultivation has been accomplished, the ques- 
tion can approached with adequate means for its solution. 

During 1910 and 1911, while carrying simultaneously ten differ- 
ent strains the pallidum through the testicles rabbits for many 
generations, was struck with the fact that certain strains appeared 
thicker than others. Most the pallidum strains collection 
showed the thickness, length, and curves ordinarily recognized for 
this organism (figure A). the other hand, two the ten 
strains were distinctly thicker (about 0.3 micron), and one was. 
thinner (about 0.2 micron) than the average (about 0.25 
micron). The curves the heavier type were quite typical (figure 
B), while those the thinner strain were somewhat shallower and 
set more closely, except the portions towards the extremities, which 
were again quite typical (figure C). These characteristics were 
retained unmodified throughout the numerous transfers from one 
rabbit another within period over year. Further, was 
noted that the thinner strains possessed greater agility than the 
heavier ones. 

regards the production testicular lesions the rabbit, the 
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different types the pallidum showed different effects. Seven 
strains typical morphology produced diffuse induration and 
swelling, usually within three weeks, that progressed steadily for 
five six weeks, when spontaneous retrogression set in. The 
thicker type, including two strains originally transmitted rabbits 
from cases protracted chancres the lip and prepuce, respec- 
tively, did not, rule, produce any change the inoculated tes- 
ticles until about five six weeks after inoculation, when small, 
localized, hard nodules developed. The nodules continued 
increase size slowly and remained sharply demarcated from the 
surrounding soft tissue, attaining their maximum size eight 
ten weeks. Unlike the effects caused the typical strains, the 
nodules produced the heavier ones were cartilaginous consist- 
ence and contained greater quantity mucin. The thinner strain 
that was transmitted originally from mucous patch case 
malignant syphilis, always caused diffuse testicular swelling, within 
ten fourteen days, that progressed rapidly for five six weeks. 

these three forms the pallidum, namely, thicker, average, 
and thinner types, have succeeded cultivating from the testicle 
the rabbit one specimen the thinner, five the average, but 
none the thicker variety. The pure cultures both types were 
found produce typical syphilitic orchitis the 

During 1911, have cultivated six strains the pallidum directly 
from human syphilitic lesions including chancres, condylomata, and 
skin wish now report briefly upon certain morpho- 
logical differences that have observed different cultures the 
pallidum obtained directly from human sources. 

the six strains cultivated directly from human cases, three 
exhibit the perfectly typical morphology, while one thicker and 
two are thinner than the average. The average typical strains 
all came from chancres, the thicker one from chancre, and the 
thinner strains were respectively from condyloma and chancre 
which they were associated with regular strain. 

Under cultural conditions, every pallidum strain subject 
some degree morphological change through which very long fila- 
ments, seldom seen syphilitic tissues, with shallower compara- 
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tively few curves, appear. But, when provided with optimum con- 
ditions, the morphology approaches the normal such extent 
that difference can found between the cultivated and the 
natural pallidum occurring the tissues. When, however, com- 
parison the three main types the pallidum made under 
optimum cultural conditions, the definite variations are easily ob- 
served. Even under less favorable cultural conditions, which 
some irregular forms are apt appear, the type characteristics 
between the thinner and the two thicker forms can still clearly 
made out. Under distinctly unfavorable conditions, the differences 
between the thicker and the regular types becomes less evident. 

spite the morphological variations mentioned, all the strains 
grow, under common conditions, with identical macroscopic appear- 
ances. Further, they are all pathogenic for certain species 
monkeys. 

morphology, the thinner pallidum presents marked resemblance 
Treponema microdentium,® especially when the microdentium 
has been under cultivation for two three weeks; but macro- 

scopical characters growth, respect non-requirement 
fresh tissue for multiplication, and, especially the occurrence 
old cultures characteristic fetid odor, the microdentium 
sufficientiy differentiated from this strain the pallidum. 


SUMMARY. 


When many cultures Treponema pallidum, whether obtained 
from the testicular lesions produced rabbits directly from 
human cases syphilis, are compared, certain definite differences 
morphological character become apparent. The different speci- 
mens can divided into thicker and thinner forms types, and 
average normal form type. The last the common most 
frequent variety, but the other two occur with sufficient frequency 
and retain their characters with such constancy constitute 
distinct varieties. Indeed, two the varieties—the average and the 
thinner—occurred association chancre and were separated 
afterwards cultures. The gross cultural properties the three 
varieties present points distinction. 
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The lesions caused the testicle the rabbit differ according 
the variety inoculated, and consist either diffuse nodular 
orchitis. This highly important distinction, and if, the study 
capable throwing light certain important clinical features 
the human syphilitic disease. 

The thinner variety Treponema pallidum resembles mor- 
phology Treponema microdentium, from which unmistakably 
distinguished cultural characters. 

The morphological and pathogenic variations cultures the 
pallidum may constitute racial differences within the species. 


EXPLANATION PLATE 29. 


Fic. Regular type Treponema pallidum. Schematic reproduction. 

Fic. Heavier type Treponema pallidum. Schematic reproduction. 

Fic. Thinner type Treponema pallidum. Schematic reproduction. 

Fic. Various forms the thinner pallidum pure culture. Schematic 
reproduction. 

Fics. long form the regular type the pallidum. From pure 
culture thirty-two days old. 1,400. 

Fic. Average forms the regular type pure culture two weeks old. 
1,400. 

Fic. the pallidum the regular type. From 
culture four weeks old. 1,400. 

Fic. pallidum the thinner type. From pure culture three weeks 
old. 1,400. 

Fic. pallidum the thinner type. From pure culture three weeks 
1,400. 

Fic. pallidum the thinner type showing deeper curves near one end. 
1,400. 

Fic. group pallida from pure culture the thinner type. 1,400. 

Fics. and Masses entangled pallida from two different pure cultures 
the thinner type. 1,400. 
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